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PREFACE 
Special problems relating to the management of scientists in 
industry came to the fore during World War I 1  and have, to a 
considerable extent, been with us since. It is not that there 
were no scientists in industry prior to that time: indeed, there 
were a few older firms such as Bell Telephone, du Pont, Eastman 
Kodak, General Electric, Radio Corporation, and Westinghouse who 
were very comfortable with the scientists on their staffs. They 
had advanced considerably up the learning curve. There were 
other firms that utilized scientists in development activities, 
and these, of course, were managed much in the same way as 
engineers. But it was during World War I I  and in the interval 
years that large numbers of firms employed scientists for basic 
research for the first time. As is often regretfully true, 
businessmen leapt into the potential morass before they looked 
and trouble started for them at once. Managers did not recognize 
that their problems would be any different with scientists than 
with other subordinates. They continued to carry out their 
functions in the same way although not necessarily with skill, 
defining objectives, establishing control systems, appraising 
these men, and directing them closely. The result was surprising 
to both managers and scientists. The latter simply would not be 
managed thi s way. 
Thls response reflected the scientists1 attitude toward work, 
how they thought it should be approached and evaluated. Their 
attitude was a direct outgrowth of the depth of knowledge and the 
discipline of methodology taught to them during their university 
csreers. Not understanding these matters, managers recoiled in 
i v 
surprise at the response of scientists to enterprise techniques 
of worlr definition and control: managers certainly were hurt, 
and they reacted by withdrawing from almost any attempt to manage 
this new type of employee. Ti~us, over the last twenty years the 
process of managing scient i sts has been one of learn-as-you-go, 
although quite needlessly for much could have been learned from 
the experience of the pioneers. In addition, executives got 
very little help from management theorists. There have been 
some studies of this matter, but they have not singled out the 
basic scientist as distinguished from engineers, technicians, 
or nurses. The relative number of scientists who were engaged 
in research was always very small, and consequently the problems 
involved in managing them were not relatively significant in the 
operation of the total enterprise. 
iv-a 
It was w i t h  t h i s  background i n  view tha t  a proposal was msde 
\ by the author t o  undertake a pre l im inary  study o f  the management 
o f  sc ien t is ts .  A committee o f  businessmen-scientists assisted 
i n  guid ing the study. I t s  funct ion was t o  a i d  i n  the problem of 
i n  
i d e n t i f y i n g  the s c i e n t i s t  and/ locat ing him. This was no easy 
matter. It was f i n a l l y  determined that  t o  q u a l i f y  as a s c i e n t i s t  
a person should be spending a s ign i f i can t  pa r t  o f  h i s  time i n  
o r i g i n a l  i n t e l l e c t u a l  e f f o r t  leading t o  the discovery o f  new know- 
ledge o r  t ru ths .  This formulat ion was selected i n  order t o  include 
the laboratory managers who car ry  on t h e i r  own research and the 
s c i e n t i s t s  who are required t o  t ravel ,  t o  negot iate research pro- 
posals w i t h  customers and act  as i n te rna l  consultants t o  other 
par ts  o f  the enterpr ise:  i t  specifically el iminates a l l  engineers, 
technicians, and those sc ien t i s t s  who are p r i m a r i l y  engaged i n  
1 appl ied science. 
From the very f i r s t  i t  was apparent tha t  no s t a t i s t i c a l  study 
could be made. No one knew how many sc ien t i s t s  there were i n  the 
country o r  where they were. Everyone knew about un i ve rs i t i es  i n  
general but  i t  i s  p a i n f u l l y  c l ea r  tha t  members o f  the professional  
s t a f f  i n  a s c i e n t i f i c  f i e l d  are not a l l  sc ien t i s t s .  i t  was a lso  
c lear  t ha t  sc ien t i s t s  were located i n  c e r t a i n  government research 
laboratories; i n  research i n s t i t u t i o n s  o f  a p r i va te  nature; and i n  
laborator ies supported by business enterprises. The search f o r  
accuracy i n  i d e n t i f y i n g  the s c i e n t i s t  was too onerous f o r  the modes 
study proposed. Consequently, i t  was determined t o  abandon a 
formal s t a t i s t i c a l  approach and t r y  t o  i d e n t i f y  i nd i v i dua l  
s c i e n t i s t s  i n  locat ions i n  Southern Ca l i f o rn ia  w i t h  the hope tha t  
) enough could be found whose c o l l e c t i v e  views would provide a basis 
For t en ta t i ve  conclusions about t h e i r  management. 
v 
To make the study more de f i n i t i ve ,  as we l l  as quicker t o  
accomplish, i t  was fu r the r  decided t o  search for physical  scien- 
t i s t s  employed i n  the laborator ies o f  business enterpr ises.  
Furthermore, since t h i s  was a study t o  learn something about the 
special management problems invo lv ing  sc ien t is ts ,  i t  was important 
t o  gain the views not on ly  o f  sc ien t i s t s  but a lso o f  t h e i r  own 
managers . 
The a l t e rna t i ve  techniques ava i lab le  f o r  securing t h i s  i n fo r -  
mation included the extended personal interv iew and a questionnaire 
The former was a c lea r  choice but would involve a great deal o f  
time and i t  must be conducted by interv iewers who understand both 
science and the managing process. The r a r i t y  and u n a v a i l a b i l i t y  
o f  people w i th  these qua l i f i ca t i ons  rendered the former t a c t i c  
impract ical .  Reluctant ly ,  the questionnaire route was taken w i t h  
the i n ten t i on  tha t  perhaps we could b r i ng  the pa r t i c i pan ts  
together i n  a conference a t  a l a te r  date. This was happi ly  
achleved i n  December 1967. 
The f i e i d  w r k  was conducted dur ing the s m a r  o f  1966. A 
t o t a l  o f  f i f t y - o n e  sc ien t i s t s  responded. They were employed i n  
eleven laboratories. From a t o t a l  OF  f i f t e e n  managers who com- 
p le ted the questionnaire there were nine who could be c l e a r l y  
associated w i th  th i r ty -one respondent-scientists among t h e i r  own 
subordinates. These nine represented seven o f  the eleven report-  
ing  laboratories. 
Very few tables appear i n  t h i s  manuscript. Even though the 
reader i s  warned about the r e l i a b i l i t y  o f  f igures, he tends t o  
g ive them weight. Furthermore, most o f  the questions were valued 
f o r  t h e i r  i n v i t a t i o n s  t o  coment.  I was looking fo r  f lavor,  
inferences, and viewpoints tha t  are s ign i f i can t  when re la ted t o  
the managing problem. 
The cooperation received from ind iv idua l  s c i e n t i s t s  and 
v i 
their managers has been of untold benefit to this study. I am 
especially grateful to them for the time they spent in responding 
to the questionnaire, and for the sacrifices many of them made to 
attend a seminar with me where we struggled manfully to cope with 
complex problems concerning the management of scientists. S o m ~  
of this dialogue is reproduced at the end of each chapter so that 
the reader can understand the difficulties of generalization, of 
precision in language, and of understanding the manager's role 
within the laboratory. 
This manuscript has benefited from the contributions of many 
people, Basic to all was the generous financing provided by NASA 
which is vitally interested in the productivity of scientists. 
The counsel of the original steering group comprised of Mr. E. M. 
Boykin, Vice President, Hughes Aircraft Company, Dr. Harper North, 
Vice President, Thompson R a m  Wooldridge, Inc., and Drs. Lewis 
Lermre and Herman Schneiderman of McDonnell-Douglas Corp. was most 
helpful at ehe time when the issues of definition, identification 
and discovery were still unsolved. General John W. Cave gave 
many hours of his time to aid in solving all of the problems 
concerned with the definition o f  the project and in pilot test- 
ing the field procedure. It was my original hope that he would 
co-author this manuscript and I regret that this has not been 
possible. I have an exceptionally deep feeling of gratitude for 
his contribution. Professor George A. Steiner, Director, Divi- 
sion of Research, Graduate School of Business Administration at 
UCLA provided the opportunity for me to undertake the original 
proposal and carried on with great skill the negotiations with NASA 
that eventually supported this effort. I am deeply grateful for his 
kindness. For aid in the design of the questionnaire and in the 
conduct of the field work I am indebted to and proud of the work 
of John Burke, Richard Carter, Don McLaughlin, Michael Lockareff, 
Loren Raymond and Steven Westfall--all graduate students at UCLA 
at the time and on several of whom the Ph.D. degree has since been 
conferred. Finally, for their administrative support and clerical 
help a specie1 note of thanks is due to Miss Mary McWurray and 
Miss Mari lyn McElroy. 
Cyri l OIDonnel 1 
Los Angeles 
December 9, 1968 

a l l y  pure research i s  the  k i n d  o f  p r s c t i c e  t h a t  might  be thought 
about.  The need f o r  understanding o f  sciences has never been 
g rea te r  than r i g h t  now. We have a major c r i s i s  i n  p o l i c y  respec- 
t i n g  the support o f  science. I ' m  extremely w o r r i e d  as we f a l l  
f a r t h e r  behind the Russians i n  the space program. I am no t  wor- 
r i e d  o n l y  because o f  the  defense a p p l i c a t i o n s  bu t  because o f  the  
f u t u r e  engineer ing techno log ica l  developments i n  t h i s  area. 
There i s  a r e l a t i o n s h i p  between the u n i v e r s i t y  and indus t ry  
which I t h i n k  i s n ' t  used enough, such as the professor  i n  residence 
o r  the  professor  on leave. Th is  type o f  t h i n g  might  he lp  a g rea t  
deal i n  making people work more e f f i c i e n t l y  and more happ i l y .  I 
don ' t  know why i t  doesn ' t  work. I t  i s  a t h i n g  tha t  would seem 
t o  be j u s t  what i s  needed i n  many cases. I t  doesn't  seem t o  work 
very w e l l .  
DR. DSTESYOUNG: That i s  an i n t e r e s t i n g  remark about tenure.  
You t h i n k  t h a t  the  commercial o r g a n i z a t i o n  o r  n o n - u n i v e r s i t y  lab- 
o r a t o r y  can r e a l l y  h i r e  people f o r  those p o s i t i o n s ?  The labora- 
t o r y  r e a l l y  wants good people. I t  i s  competing w i t h  the  u n i v e r s i t y  
and you f e e l  t h a t  even w i t h  your research laboratory ,  t h a t  a 
commercial o r g a n i z a t i o n  can get  people i f  they say, " A l l  r i g h t ,  
t h i s  i s  a non-tenure pos i t i on . ' '  whatever t h a t  may mean. 
DR. LIBBY: Yes, I t h i n k  so. Th is  i s  done i n  some commercial 
l abora to r ies .  For research i n  engineering, Standard O i l  o f  New . 
Jersey does e s s e n t i a l l y  t h a t .  I f o r g e t  the t i t l e  they g i v e  i t, 
bu t  i n  t h e  spec ia l  t i t l e ,  they e r e  taken o f f  t h e  p r o j e c t s ,  and 
e s s e n t i a l l y  they do anyth ing they wish. I t  i s n ' t  so much a mat te r  
o f  tenure as i t  i s  o f  a s p e c i a l  p o s i t i o n  and freedom o f  a c t i o n .  
Those who d o n l t  make i t  may become v ice -p res iden ts .  
DR. ALBERT WILSON: I s  t h e r e  any n o n - u n i v e r s i t y  t h a t  es- 
s e n t i a l l y  does what a u n i v e r s i t y  does, b r i n g  them t o  appointment 
t h a t  i s  c l e a r l y  temporary where a dec is ion - -  
DR. LIBBY: No. They don ' t .  They don ' t  f l a u n t  i t .  I t  i s ,  
s h a l l  we say, normal employment, and then a f t e r  a few years, they 
a r e  g iven  t h i s  s p e c i a l  s a l a r y  and spec ia l  freedom and s p e c i a l  
t i t l e .  I t h i n k  i t  works r a t h e r  w e l l .  Wi th some o f  the  others,  
t h e r e  i s  a d i f fe rence .  They moveon t o  o t h e r  p a r t s  o f  t h e  com- 
pany. It i s  our o n l y  p r o t e c t i o n  here. 
Another t h i n g  i n  the  mat te r  o f  h i r i n g  i s  the  U n i v e r s i t y  
system. That i s ,  we go through an anonymous c o m i t t e e .  As D i r -  
e c t o r  o f  the I n s t i t u t e  o f  Geophysics, I never know t h e  members o f  
t h e  comni t tee.  I f  I do, i t  i s  a pure acc iden t .  A nominee o f  
mine i s  reviewed by the  five-man comnittee, a sec re t  c o m i t t e e ,  
who passes t h e  recommendation t o  the  Chancel lor .  The Chancel lor 
n e a r l y  always takes t h e  adv ice o f  t h i s  comni t tee.  So we have t o  
present  a case. 
DR. HAMERMASH: What i s  your b a t t i n g  average? How o f t e n  does 
t h e  rev iew committee a c t u a l l y  t u r n  down a department recomenda- 
t i o n ?  
DR. LIBBY: I t h i n k  we b a t  b e t t e r  than 75 per  cent ,  bu t  a t  t h  
same time, you see, we know there  i s  no use p u t t i n g  up some people 
however much we may l i k e  them, and, o f  course, we a l l  s i t  on these 
comnittees, too. 
OR, SALZER: You made a c m e n t  about t h e  d i f f i c u l t y  i n  co- 
o r d i n a t i o n  between t h e  u n i v e r s i t y  and indus t ry .  That was a v e r y  
I s h o r t  comment and i t  sounded very  sweeping. To what ex ten t  does 
i t  work and does i t  n o t  work? 
x i  i 
DR. LIBBY: I find that there is too little connection, too 
little discourse, between the university and industry--! mean the 
university laboratory and the industrial laboratory. I have al- 
ways consulted a great deal. l have always done it not only for 
the extra money but for the contact. 
When 1 was a professor at the University of Chicago, we had 
a contract where the funds from consulting had to be turned over 
to the university, and I did just as much consulting then as 1 
do now. I was about one quarter of the time away f r m  the campus 
in one way or another, and now I do it not only for the money and 
the contact, but I do it for my students. Half of my ten students 
are doing at lease part of their theses in laboratories elsewhere. 
Now, they are not all industrial laboratories. Some are govern- 
ment laboratories, and it is this kind of relationship which is 
J 
greatly beneficial in my work to me and my students. 
DR. SALZER: This kind of relationship I thought does not 
exist fairly consistently. 
DR. LIBBY: Not widely enough. 
DR. SALZER: Do you think there are any other avenues of 
reiat ionship? 
DR. LIBBY: I do. Our industrial people could c m e  in to the. 
University to help more with the teaching. 
DR. SALZER: You mean like an extension school here? 
DR. LIBBY: Yes, but I would even take it a little more 
seriously. I think we could mutually-- 
DR. SILVERMAH: One thing that your remarks bring to mind is 
f the fact that many students, in fact, most of the students, that 
go into industry are not prepared for industry at all. 
DR. LIBBY: Not at all. 
DR. SILVERMAN: They are strictly academically oriented. 
DR. LIBBY: That is one of the benefits that we get out of 
a closer relationship. I don't know if we could go so far as to 
find another job for a year or so during their training, but at 
least give them a taste of it to see what i t  is like while they 
are in school. 
DR. SILVERMAM: Along the same line, your remarks seemed to 
indicate that you think industry should adapt scme OF the pract- 
ices that the universities have adopted. 
DR. LIBBY: No. Our job is different. Our job is teaching. 
Your job is something else. We do research and learn to teach 
graduate students. I have a whole drawer full of absolutely 
brilliant ideas nobody has worked on because I haven't been able 
to sell them to anybody. Every research in my laboratories is 
connected with somebody who is here to learn. That is our bus- 
iness, you see. It is quite different from yours. Now, that 
doesn't mean that you don't have to do some teaching, on the job 
teaching; you do. But incidentally, we might be able to help 
you there, you know. But no, the objectives are quite different. 
We could collaborate more, I think, and U.C.L.A. is one of 
the schools leading in this already. Some universities do very 
little, and I think they are failing on parts of their job. 
MR. BOYKIN: You have touched briefly on a critical subject, 
the difficulty in attracting young people with potential into the 
scientific field. You are now associated with an institution that 
started without great renown in the physical sciences and is get- 
ting more renowned all the time. I happen to be an alumnus of 
wiv 
t h e  o t h e r  type t h a t  always seems t o  have a g u i l t  complex because 
i t  i s n ' t  great  i n  t h e  humanit ies and the s o c i a l  sciences. A l l  
i t s  alumni p u b l i c a t i o n s  and a l l  i t s . p e o p l e  a re  promoting a l l  o f  
the th ings  I  don ' t  have q u i t e  as much a p p r e c i a t i o n  f o r .  These 
a r e  the  s o - c a l l e d  s o c i a l  sciences, and I am almost ashamed t h a t  
they a r e  de-emphasizing the  engineer ing and t h e  science courses. 
- 
DR. LIBBY: That i s  r i g h t .  
MR. BOYKIN: I s  the re  any th ing  we can do about t h i s ?  
DR. LIBBY: Well ,  o f  course, we can j u s t  t r y .  That i s  t h e  
main j o b  o f  a teacher. He has t o  s e l l  the subject ,  and we work 
hard a t  i t ,  bu t  I  d o n ' t  t h i n k  we a r e  doing t o o  w e l l .  The e n r o l l -  
ment i n  phys ics i n  p a r t i c u l a r  i s  f a l l i n g  and t h a t  i s  a ve ry  serious 
mat te r .  Engineer ing enrollment i s  not  ho ld ing  up w e l l .  The e n r o l i -  
ment i n  chemistry. my own f i e l d ,  i s  a l l r i g h t ,  but  no th ing  great ,  
and 1 t h i n k  a l o t  o f  i t  i s  due t o  the  "bal lyhoo" about the  s o c i a l  
sciences. 
DR. SALZER: Consider ing a program, I am caning back t o  anotht 
t o p i c  because i f  t h i s  bothers you, maybe something should be done 
about i t .  
I know a few examples t h a t  have moderate success. I know 
Cornel l ,  f o r  instance, has es tab l i shed  a research park  on campus 
where they r e n t  f a c i l i t i e s  t o  i n d u s t r y  and thereby e s t a b l i s h  a 
very c l o s e  r e l a t i o n s h i p  over  a l i m i t e d  amount o f  t ime. I d o n ' t  
know how successfu l  t h i s  has been. I t  i s  r a t h e r  new. 
DR. LIBBY: I f  t h i s  k i n d  o f  t h i n g  helps, bu t  you know t h a t  
be ing neighbors i s n ' t  adequate. I  t h i n k  the  k i n d  o f  t h i n g  you 
want i s  where the  professor  c o n s u l t s  w i t h  the  company, works on 
i t s  problems, and the  i n d u s t r i a l  s c i e n t i s t  comes and a c t u a l l y  
he lps i n  the teaching process. Th is  i s  olte k i n d  o f  r e l a t i o n s h i p .  
Perhaps there  a re  o ther  Nays o f  r e a l l y  e f f e c t i v e l y  c o l l a b o r a t i n g .  
ON. ALBERT WILSON: Do you see any hard d i v i s i o n  between the  
h igher  areas o f  research t h a t  should be considered by a company 
doing bas ic  research and, say, what i s  going on i n  the  u n i v e r s i t y ?  
DR. LIBBY: Yes. I t h i n k  when one i s  doing a p r o j e c t ,  manage. 
ment has a r e a l  r o l e ,  bu t  i n  the  bas ic  research laboratory ,  I th ink 
a l l  you want t o  do i s  p i c k  the  good people and then e v e n t u a l l y  tu r r  
them loose w i t h i n  your budgetary and space l i m i t a t i o n s  and h o l d  
them t o  producing. 
DR. ALBERT WILSON: Don't  you have t o  have some r e s t r a i n t s  
a t  least ,  f o r  example, i n  terms o f  area7 
DR. LIBBY: No. 
DR. ALBERT WILSON: That means t h a t  your concept o f  an i n -  
d u s t r i a l  bas ic  research labora to ry  i s  t h a t  i t  i s  b a s i c a l l y  un- 
coupled. 
DR. LIBBY: You should have an i n d u s t r i a l  bas ic  research 
labora to ry .  The o n l y  people who should be i n  t h i s  labora to ry  shoui 
be those who can do research and want t o .  That b r i n g s  up the  p ro -  
blem t h a t  not  everyone i s  so mot ivated.  But when you hsve such an 
o rgan iza t ion ,  t h e r e  a r e  enough people i n  i t  t o  spread ou t  over the  
f i e l d  o f  science. You know w i t h i n  your labora to ry  t h a t  you have 
people who a re  read ing  l i t e r a t u r e  and a r e  knowledgeable, and know 
&here the  f r o n t i e r s  are.  I n  these v a r i o u s  l i n e s ,  they a re  k i n d  
o f  b u i l t - i n  consu l tan ts .  
I t h i n k  t h e  good r e l a t i o n s h i p  t o  management i s  tht these 
people work p a r t  t ime  w i t h  the  p r o j e c t  d i v i s i o n s ,  bu t  t h e  t ime they 
spend i n  the  bas ic  research l a b o r a t o r i e s  i s  spent do ing research 
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INTRODUCT I ON: SCI Ef4T I STS AND THE lR PRODUCT IVITY 
The productivity of a scientist is a sensitive subject. Both 
managers of scientists and the scientists themselves shy iway 
from this topic for quite different reasons. Managers are held 
accountable by their superiors for the quantity, quality, and 
timeliness of scientific results as these are related to applied 
resource: of manpower and capital. For managers, the effort- 
results ratio is critical but their actual exper.icncu in wenaging 
scientists leads them to be wary of applying this economic measure 
of productivity. They know from past practice that they get a 
negative response from their subordinates whenever a naked appli- 
cation of this mssure of.efficiency is made. 
03 his part, the scientist is not being merely temperamental. 
He feels strongly that the correlation between his effort and the 
resuits he gets is most unpredictable. Correlation is good when 
he states the problem correctly in the first place and when he 
selects the correct approach, also in the first instance. Ail 
strive to do this but it is very doubtful that many succeed. 
Failure in these steps eventually requires backtracking, rethink- 
ing, and the problem of devising new approaches. This process 
might take ten years; for another group assigned to the same pro- 
blem it might take six months. These uncertainties are real and 
they explain the scientists' view that input-output ratios are 
simply unrealistic. The scientist is more frustrated by these 
problems than anyone else and he is noticeably sensitive whenever 
the matter of his productivity is raised. 
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Work is the exertion of effort to accomplish some end. The 
end toward which the scientist strives is perhaps best described 
as understanding. The scientist is essentially a problem-solver. 
Deriving frcm a feeling that he to know, whether it be called 
curiosity or challenge, he must state the problem correctly, 
generate ideas concerning the approeches to its solittion (includ- 
ing ideas concerning the irvplementstion of the aoproxches), eval- 
uate results (which often lead to a restatement of the problem 
and the generation of new plans to solve it), a74 :-:-;rctt-the , 
results. This, the experimental scientist. The theoretical 
scientist likewise is a problem-solver. He especially is seeking 
understanding of phenomena. To this end he concerns himself with 
correctly formulating the issues, hypothesizing relationships (of- 
ten en.rploying mathematical tools for their testing), and suggest- 
ing a relationship, which if proved, leads to understanding. 
This view of the scientist's work is borne out in this survey 
Asked what he does, as a scientist, the fifteen managers and fifty 
scientists mentioned idea generation and evaluating results 46 
times; communication 33 times; and planning, measuring, observing, 
problem-solving, end keeping up with current literature jO times 
each. The reporting of results in one form or another was men- 
tioned with nearly equal frequency. 
Both managers and scientists were asked how they thought 
productivity should be measured. Since this was an open-end ques- 
tion, an understandably large variety of terms were used to expres 
ideas. Some terms were undoubtedly synonyms and others reflected 
a partial overlap, but they are retained in the following table in 
order to preserve the flavor of the responses. Furthermore, an 
attempt i s  made t o  group the  responses i n  tcrms o f  t h e  va luc  o f  
the  s c i e n t i f i c  work as judged by o:her s c i e n t i s t s  and 8 s  judged 
i n t e r n a l l y  i n  tl;e rn tcrpr i ;e .  E.fen h c r c  tl1e1.e are 0\/crl2?: 
thctigh thc p r  in;c cr?n;i d e r s t  i o n  o f  t 5 e  rcspand:$n:s copies : i l ic t~gh 
c l e a r l y  
V a l u e d f  Nark as Judwd hy Num%r t.ivca Ment i oned by 
-0':her S c i e n t i s t s  S c i e n t i s t s  Psnaqers 
pub1 i c a t  ions 13 8 
Juclgms;~: o f  peers 6 1 
Papers read 5 4 
C o n t r i b u t i o n  o f  s c i e n t i f i c  
know 1 edge 4 1 
S ta tu re  ( inc ludes  honers, awards) 1 2 
Work quoted 1 0  
Reputat ion ( inc ludes  i n v i t e d  t a l k s )  0 2 
$ Value o f  Work as Judged internally 
End i tem produced 7 
Q u a l i t y  o f  work 6 
Reports 5 
Number o r  i g i  na l i deas ( i nc ludes 
invent ions,  innovat ions)  5 
Patents 1 
Consult i n  1 
Products ? i n c l u d i n g  hardware) 1 
Success o f  proposals  1 
Unique labora to ry  f a c i l i t i e s  developed 0 
Unlque a n a l y t i c a l  techniques developed 0 
A p p l i c a t i o n  t o  new products  0 
I t h i n k  the  o n l y  meaningful measures o f  p r o d : ~ c t i v i t y  
a r e  I )  eva lua f ions  by members o f  t h e  whole s c i e n t i f i c  
c o r n u n i t y  ( f o r  people who a r e  g r e a t ) ;  2 )  e v a l u a t i o n  o f  
work by people who a r e  i n  t h e  same f i e l d ;  and 5 )  eva l -  
u a t i o n  o f  c o n t r i h u t i o n s  by co l leagues.  The comon 
method o f  coun t ing  p u b l i c a t i o n s  i s  ve ry  poor s ince  
many a re  no t  o n l y  va lue less  but  a c t u a l l y  de t r imenta l  
t o  science. Much t ime i s  f r e q l ~ e n t l y  wasted i n  p r o v i n g  
t h a t  somebody e l s e  msde a mistake. 06 u s e f u l  papers. 
some are a t  l eas t  100 t imes more u s e f u l  t h ~ n  o thers .  
C i t a t i o n  indexes a re  somewhat b e t t e r  bu t  the  i n c o r r e c t  
paper w i l l  s t i l l  be c i t e d  by a l l  the people whose r e -  
s u l t s  c o n t r a d i c t  i t ;  and compi l s t ions  o r  review papers 
w i l l  be c i t e d  by many people e l though they c o n t a i n  
no new in fo rmat ion .  
I f  number o f  p u b l i c a t i o n s  i s  used as the measure o f  
p r o d u c t i v i t y  you w i l l  almost c e r t a i n l y  f i n d  t h a t  
people under pressure t o  p u b l i s h  do indeed p u b l i s h  
more papers. However, t h e i r  c o n t r i b u t i o n  t o  science 
i s  l i k e l y  t o  be less than t h a t  o f  people working 
i n  a more re laxed  atmosphere. 
A m r e  p o s i t i v e  approach t o  t h i s  problem was suggested by 
Number o f  Respondents 38 15 
The number o f  t imes p u b l i c a t i o n  was mentioned i s  a  b i t  
f r i g h t e n i n g .  There seems t o  be as much r e l i a n c e  on t h i s  "measur- 
eable" fac to r  i n  i n d u s t r y  as the re  i s  in tho, u n i v e r s i t y .  And ye t ,  
t h e  though t fu l  person wi 11 c e r t a i n l y  agree w i t h  the  respondent who 
1 cornented: 
9 
2 
another respondent: 
To measure output  you have t o  d e f i n e  ou tpu t .  I f  
output  i s  de f ined  as "publ ished works o f  va lue  t o  
the  s c i e n t i f i c  comnunity" then I propose a unique 
and simple way t o  measure t h i s .  We would make use 
o f  t h e  Science C i t a t i o n  lndex which indexes the  cur -  
r e n t  p u b l i c a t i o n s  i n  more than 1500 t e c h n i c a l  j o u r n a l s  
by the  reference t o  the prev ious l i t e r a t u r e  which the  
c u r r e n t  papers c i t e .  Since there  i s  an abundance o f  
j o u r n a l s  t h a t  w i l l  p ~ l b l i s h  almost anyth ing,  s imply  
coun t ing  p u b l i c a t i o n s  by l n s t i t u t i o n  A w i t h  env i ron-  
ment A versus l n s t i t u t i o n  B w i t h  environment B i s  
meaningless. But i f  the  s c i e n t i f i c  comnunity 2s 
a whole makes use o f  and r e f e r s  t o  t h e  p u b l i c a t i o n s  
o f  l n s t i t u t i o n  A t o  a g rea te r  ex ten t  than those o f  
l n s t i t u t i o n  0,  then by our  p r e v i o u s l y  accepted 
d e f i n i t i o n ,  the ou tpu t  o f  A i s  greater  than B. 
Obviously, ref inements a r e  necessary, such as 
some s o r t  o f  we igh t ing  i n v e r s e l y  p r o p o r t i o n a l  
t o  t h e  number o f  authors ( a  paper w i t h  5 authors 
has less  " u n i t  ou tpu t "  than a paper w i t h  o n l y  
1 au thor ) ,  and norma l i za t ion  by t h e  number o f  
s c i e n t i s t s  employed i n  the p a r t i c u l a r  i n s t i t u t i o n .  
Also, i t  would seem t h a t  a  c o r r e c t i o n  should be 
made f o r  c i t a t i o n s  by an author  t o  h i s  own p rev ious  
work. Ac tua l l y ,  s ince  t h e  Science C i t a t i o n  lndex 
i s  produced from computer tapes, i t  i s  conceivable 
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by one s c i e n t i s t  when he s t ressed  the e f f i c i e n c y  w i t h  which a man 
worked, "Hc simply avoided mistakes o f  j u d ~ m e n t  i n  s t a t i n g  the 
problem and i n  s e l e c t i n g  the  best  n ie~ns  o f  i n v e s t i g a t i n g  i t . "  
A l l  o f  thcse f e c t o r s  a re  under the c o n t r o l  o f  t h e  s c i e n t i s t .  He 
b r i n g s  t o  bear these a b i l i t i e s  and h i s  r e s u l t s  should c e r t a i n l y  
be a f f e c t e d  by them. 
On the o ther  hand, the re  a r e  numerous o t h e r  f a c t o r s  t h a t  
a f f e c t  p r o d u c t i v i t y  which a re  not w i t h i n  the  c o n t r o l  o f  the  
s c i e n t i s t .  They are under the c o n t r o l  o f  the  manager. These can 
best be analyzed by grouping ohem i n t o  those t h a t  r e l a t e  t o  p lan-  
n ing  and c o n t r o l  a c t i v i t i e s ,  o r g a n i z a t i o n  o f  the  labora to ry ,  the  
s e l e c t i o n  and appra isa l  o f  s c i e n t i s t s ,  end the d i r e c t i o n  o f  t h o i r  
work. 
'HAPTER I 
THE MANAGING PROCESS 
I n  our soc ie ty ,  charac te r i zed  as i t  i s  by ach iev ing  cb- 
j e c t i v e s  through organized e f f o r t ,  the re  i s  no a c t i v i t y  6s v i t a l  
as the  q u a l i t y  o f  managing. The manager occupies the  key p o s i t i o n ;  
he a lone i s  zccountable fo r  t h e  r e s u l t s  o f  group effo1.t. And yet,  
desp i te  the c r i t i c a l  na tu re  o f  t h i s  func t ion ,  i t  remains genera l l y  
misunderstood. The verb I t o  manage' has many connotat ions and t h i s  
c h a r a c t e r i s t i c  i n v i t e s  carelessness i n  i t s  usage. I f  advances a re  
t o  be made toward a science o f  management we must s t r i v e  f o r  exact- 
i t u d e  o f  i t s  terminology.  
The manager i s  the o n l y  one who engages i n  the  process o f  
managing and he bases h i s  a c t i o n s  on h i s  understanding o f  a  bcdy 
o f  knowiedge c a l l e d  menagcment. The managing process comprises 
those func t ions  p e c u l i a r  t o  the  manager as he actempts t o  achieve 
o b j e c t i v e s  by t h e  sagacious combinat ion o f  resources. These the  
economists have long s ince  c a l l e d  land, labor  and c a p i t a l .  The 
manager, as a f o u r t h  fac to r  o f  p roduc t ion ,  emerges when i t  i s  
d e s i r a b l e  t o  secure se lec ted  o b j e c t i v e s  through the organized 
e F f o r t  o f  s p e c i a l i z e d  labor a ided by c a p i t a l ,  equipment 2nd space. 
Organized e f f o r t  has been a c h a r a c t e r i s t i c  o f  human s o c i e t i e s  
s ince t h e  dawn o f  h i s t o r y  bu t  the separate s k i l l s  o f  the manager 
were n o t  recognized u n t i l  recent  times. Even as l a t e  a s  the  1920's 
American scholars  were t r y i n g  t o  d iscover  what func t ions  managers 
performed as d i s t i n g u i s h e d  from t h e  func t ions  o f  non-menagers. 
T h i s  was no easy task. The men who managed were employed e a r l y  
i n  t h e i r  careers for  t h e i r  t e c h n i c a l  s k i l l s  i n  such areas as 
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pieces o f  knowledge. The u n i v e r s i t y  p res iden t  whose purpose i s  
the educat ion o f  s tudents should decide what would show t h a t  h i s  
graduates are indeed educated. Th is  would s u r e l y  r e q u i r e  a  
fo l low-up study t o  determine t h e  r e i a t i v e  success o f  these 
graduates i n  ach iev ing  personal  p e r f e c t i o n  i n  c o n t r i b u t i n g  t o  
knowledge, i n  the  progress o f  i n s t i t u t i o n s  o f  which they a r e  
members, and i n  f a c i l i t a t i n g  the  p u r s u i t  o f  happiness f o r  a l l  
m n k i n d .  The p res iden t  o f  a  business f i r m  may seek the  needed 
evidence i n  the f i n a n c i a l  h e a l t h  o f  the  f i rm,  i t s  r e l a t i v e  
compet i t i ve  standing, and i t s  c o n t r i b u t i o n  t o  our  s o c i e t y .  The 
d i r e c t o r  o f  a  research labora to ry  w i t h i n  a  c o r p o r a t i o n  may seek 
h i s  evidence i n  c o n t r i b u t i o n s  t o  knowledge, support o f  o ther  
d i v i s i o n s  o f  the  f i rm,  and i n  an esteemed r e p u t a t i o n  f o r  the  
laboratory .  Any manager who t r i e s  t o  predetermine the evidence 
he w i l l  r e q u i r e  would f i n d  h i m s e l f  moving back and f o r t h  between 
c l a r i f i c a t i o n  o f  purpose and i d e n t i f y i n g  the needed evidence 
u n t i l  he i s  s a t i s f i e d  t h a t  the problem i s  understood and csn be 
o p t i m a l l y  solved. 
W i t h i n  t h i s  framework the manager se lec ts  the o b j e c t i v e s  o f  
the e n t e r p r i s e .  These a r e  i n t e g r a t e d  w i t h  respect t o  t ime so 
t h a t  the long range o b j e c t i v e s  a re  supported and bu t t ressed  by 
shor t  term o b j e c t i v e s .  A l l  a re  q u a n t i f i e d  so t h a t  i t  w i l l  be 
known s p e c i f i c a l l y  whether they a r e  achieved and a l s o  because 
q u a n t i f i c a t i o n  w i l l  have a  d i r e c t  e f f e c t  upon the  na tu re  and 
ex ten t  o f  resources t h a t  w i l l  be requi red.  The o b j e c t i v e s  w i l l  
be examined from t h e  s tandpoint  o f  p r i o r i t y  and lead-t ime, and 
analyzed i n  terms o f  the  k i n d  o f  a c t i v i t i e s  which must be under- 
taken and the q u a n t i t y ,  q u a l i t y  and na tu re  o f  resources t h a t  w i l l  
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be needed. A t  t h i s  p o i n t  the  o b j e c t i v e s  a r e  ac t ioneb le  and a re  
ready f o r  f r a c t i o n a t i o n  and assignment i n  some msnner among the 
subord inate managers o f  the  e n t e r p r i s e  t o  be. 
One o t h e r  s tep i n  the  design process invo lves  a  dec is ion  
about the  k i n d  o f  i n t e r n a l  environment t h a t  w i l l  p r e v a i l .  Th is  
i s  r e a l l y  another way o f  s t a t i n g  t h a t  the  manager's ph i losophy o f  
managing needs t o  be c l a r i f i e d .  Decisions have t o  be made about 
d e c e n t r a l i z a t i o n  o f  a u t h o r i t y ,  the q u a l i t y  o f  cooperat ion,  the 
reward system, and community r e l a t i o n s .  The in tended r e s u l t s  
may conceivably  be a t t a i n e d  by severa l  combinat ions o f  these 
f a c t o r s  but  the manager w i l l  choose t h a t  arrangement which y i e l d s  
him the  maximum personal s a t i s f a c t i o n  from h i s  e f f o r t s .  
I t  should be i n f e r r e d  t h a t  des ign ing the process by which 
a  purpose i s  t o  be achieved requ i res  a  h i g h  order  o f  i n t e l l e c t u a l  
e f f o r t .  The p u r s u i t  o f  every purpose must make i t s  p o s i t i v e  
c o n t r i b u t i o n  t o  our  s o c i a l  o b j e c t i v e s .  For t h i s  reason i t  i s  
e s s e n t i a l  t h a t  the managers who design the process have a  broad 
knowledge o f  our soc ie ty ,  i t s  c u l t u r e  and i n s t i t u t i o n s ;  under- 
stond the  market t o  be served and the economics o f  en te rp r i se ;  
and possess the  a b i l i t y  t o  analyze the t o t a l  s i t u a t i o n .  A b i l i t y  
o f  t h e  order  requ i red  would seem t o  be most scarce i f  one i s  t o  
judge by the  r a r i t y  o f  even outs tanding,  i f  n o t  b r i l l i a n t ,  con- 
cep t ions .  On the  o ther  hand the  m e d i o c r i t y  o f  se lec ted  purpose 
and process designs which one can see a t  every turn,  whether i t  
be a  government agency, a  u n i v e r s i t y ,  a  h o s p i t a l  o r  a  business, 
may lead one t o  conclude t h a t  the  c r i t i c a l  na tu re  o f  t h i s  func- 
t i o n  i s  not  understood. I f  i t  i s  the  general b e l i e f  t h a t  
"anyone can manage" o r  t h a t  managing i s  mere ly  a "h igh o rder  o f  
l 'b 
c l e r i c a l  a c t i v i t y "  then s u r e l y  performance o f  the  f u n c t i o n  w i l l  
run  the gamut from i n d i f f e r e n t  t o  t r a g i c .  
FUNCTIONS OF MANAGERS 
The concept o f  managing as a separate s k i l l  i s  so recent 
t h a t  one may r e c a l l  the s t r u g g l e  o f  i n v e s t i g a t o r s  t o  i d e n t i f y  
t h e  manager. This  was no mean p r o p o s i t i o n .  I f  one had no 
knowledge o f  managing and i f  he were sent t o  an agency o r  a  
f i r m  f o r  the purpose o f  screening out  the  managers, j u s t  how 
would he proceed7 He might l i s t  those who had the t i t l e  o'f Kana- 
ger - -bu t  he would miss many such as superv isor ,  p res iden t ,  and 
d i r e c t o r s .  He might ask everyone t o  p o i n t  out  h i s  super io r - -and  
everyone would be ab le  t o  do so. And he might i n q u i r e  and ob- 
serve what each person does--and get such answers as so lder  a 
ware, s i g n  checks, operate a punch p,r@s,~ arrange f o r  worktng 
c a p i t a l  a t  a  bank, s i g n  a l e a s e , - t y w a  r e p o r t .  These responses 
would s u r e l y  add up t o  h a k y  'thousands' 'ad& none wou I d  necessari  l y 
a i d  i n  d i s t i n g u i s h i n g  managers from nan-manage6 A c t u ? l l y ,  t h i s  
tcchni  que i s  h i g h l y  p r o d u i t  l v e  bU6- i t - Ys a d ~ p k g d ~ f ~ o ,  e a r l  y  i n  
i 
+ .  
the a n a l y t i c a l  process. ' ~ h e l i e y  first step i s  tp j s ~ l a f $ ' ~ t h o s e  
- !  - 
J *, > - A  
people who have subordinates repo;t i ng  t6 them, g-$eci+ ion ,c. 
@& 
based on the knowledge tha t  "mahage" i s  deri&raf1&?~gr, tdh.% Lat in-  
*%, 
manus (hand) and probably  in f luenced  by the  French "menage" 
(housekeeping). A t  t h i s  p o i n t  i t  becomes s i g n i f i c a n t  t o  i d e n t i f y  
what people do, compare the a c t i v i t i e s  o f  those having subord i -  
nates and those having none, znd s t r a i n  ou t  t h e  ac t ions  o f  those 
having subordinates which a re  common t o  those w i thou t  subordinates. 
At t h i s  p o i n t  the re  would be a l i s t  o f  a c t i o n s  which o n l y  super- 
i o r s  per form and these super io rs  a r e  now cormonly c a l l e d  managers. 
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An examination o f  the long l i s t  o f  what managers 
managers do q u i c k l y  leads t o t h e  conc lus ion  t h a t  some rethoc! o f  
c l a s s i f i c a t i o n  i s  necessary i f  progress i s  t o  be msde i n  under- 
s tanding the process. As i n  the case o f  o ther  sciences many 
suggest ions for  an s p p r o p r i s t e  system o f  ca tegor ies  have been 
made. The one sdopted here i s  t o  group these a c t i v i t i e s  i n t o  
the  func t ions  o f  p lanning,  organiz ing,  s t a f f i n g ,  d i r e c t i n g ,  and 
c o n t r o l l i n g .  This  choice was crade because i t  was found tha t  
conmunication between manager and i n v e s t i g a t o r  was f a c i l i t a t e d  
when t h i s  p a r t i c u l a r  system was employed. 
PLANN l NG 
Planning i s  t h e  l o g i c a l  process o f  s p e c i f y i n g  a f u t u r e  
o b j e c t i v e  t o  be achieved, i d e n t i f y i n g  the c o n s t r a i n t s  w i t h i n  
wnich i t  must be a t t a i n e d ,  s e l e c t i n g  the  best a v a i l a b l e  course 
o f  a c t i o n  t o  achieve i t ,  and schedul ing the ch rono log ica l  a c t i  
v i t i e s  e s s e n t i a l  eo i t s  ach ievemnt .  No p lan  can e x i s t  u n t i l  
a l l  these steps a re  executed. But simple as they a re  t o  l i s t ,  
each requ i res  very c a r e f u l  cons idera t ion  on the  p a r t  O F  the 
planner 
.bP S p r c i f i c a t i o n  o f  the Ob lec t i ve  
P 91"'( 
The se lec t  i o n  o f  trie o b j e c t i v e  and i t s  proper formulat  i o n  
requ i res  both understanding and experience. Many o b j e c t i v e s  
occur t o  the  p lanner  as he contemplates the rou te  t o  the r e a l i -  
z a t i o n  o f  e n t e r p r i s e  purpose. They d i f f e r  i n  terms o f  p r i o r i t y ,  
i n  the  lead t ime requi red,  and i n  the  support which shor t  range 
accomplishment must p rov ide  f o r  the economical a t ta inment  o f  
long run goals. The process i s  no t  the simple mat ter  o f  s e l e c t -  
i ng  an o b j e c t i v e  and p lann ing  t o  achieve i t .  The whole s e r i e s  

the  way i n  which the  o b j e c t i v e  i s  t o  be sought. I n  t h i s  sense 
they are an economical device which prec ludes the  development o f  
p lans which v i o l a t e  p o l  i c y .  
D e f i n i t i v e  fo recas ts  o f  f u t u r e  events t h a t  have a bear ing  
upon t h e  acconplishment o f  an o b j e c t i v e  are p lann ing  c o n s t r a i n t s .  
I n  business e n t e r p r i s e s  the sa les forecasr  i s  o f  pr ime importance. 
Once i t  i s  made and accepted by top ntanagers i t  becomes a res-  
t r a i n t  f o r  a l l  subord inate p lans developed by market ing,  pro-  
duct ion,  f inance and o ther  i n t e r n a l  func t ions .  Plans i n v o l v i n g  
these func t ions  a re  a l l  based upon the assumption t h a t  the sa les 
forecast  w i l l  be achieved. S i m i l a r l y .  fo recas ts  o f  t a x  changes, 
wage leve ls ,  a v a i l a b l e  s k i l l s  and o ther  f a c t o r s  must be made i f  
they a r e  re levan t  t o  the achievement o f  the o b j e c t i v e .  Plans 
made i n  def iance o r  i n  ignorance o f  these types o f  c o n s t r a i n t s  
1 
almost c e r t a i n l y  w i l l  have t o  be made again. 
Approved o p e r a t i n g  budgets are a l s o  p lann ing  c o n s t r a i n t s .  
Since funds a r e  always scarce i y  terms o f  pe rce ived  needs i t  i s  
* - - 1  9 , <  
e s s e n t i a l  t o  pla'n4 expenditures, by means o f  an i n t e l  l igen t  budget. 
v * * 
a ,c 
Th is  prov ides t h e  upper guicrel ihe on permiss ib le  spending and 
as such stands as a c o n s t r a i n t  on o p e r a t i n g  p lans.  
From a l o g i c a l  p o i n t  o f  view the  i d e n t i f i c a t i o n  o f  premises 
i s  q u i t e  unnecessary i n  the p lann ing  process. Rather, i t , i s  a  
r e c m e n d e d  step i n  t t ie procedure besause i t ,  i s  an -economical . 
I "  
p r a c t i c e .  P lanning iii a c o s t l y  process under any circumstances 
- - 
and i f  the  i d e n t i f i c a t i o n  o f  premises fot-est'al I s  t h e  devel~prn~n't f-  
o f  p lans which cannot be executed because they ignore c o n s t r a i n t s  
.I i t  w i l l  have accomplished i t s  purpose. Replanning For t h i s  
reason w i l l  be unnecessary. 
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Se lec t ion  o f  the  Best Course o f  Ac t ion  
E f f i c i e n c y  demands t h a t  the best a v a i l a b l e  course o f  a c t i o n  
be fo l lowed i n  t h e  p u r s u i t  o f  the o b j e c t i v e .  Time, money and 
knowledge a re  o r d i n a r i l y  much too  scarce t o  permi t  an exhaus- 
t i v e  search f o r  the  i d e a l  course o f  a c t i o n .  Judgment must be 
used t o  determine the ex ten t  o f  the  search. On the  o ther  hand, 
men being c rea tu res  o f  h a b i t  and perhaps lazy i n  a d d i t i o n ,  i t  i s  
a l toge ther  t o o  easy t o  f o l l o w  a course o f  a c t i o n  used i n  the  
past ,  o r  one t h a t  f i r s t  occurs t o  mind. Between these extremes 
there  i s  a  broad, p r a c t i c a l  bas is  fo r  i d e n t i f y i n g  compet i t i ve  
courses o f  poss ib le  a c t i o n .  There a re  always a l r e r n a t i v e s .  For 
instance, any manager has avai ]ab le  t o  him h i s  past  p r a c t i c e ,  the 
p r a c t i c e  o f  c m p e t i t o r s  w i t h i n  and w i thou t  the f i r m ,  a r t i c l e s  i n  
techn ica l  j o u r n a l s  and techn ica l  h i s t o r i e s ,  and h i s  own Inno- 
v a t i o n  which might  be c m p r i s e d  o f  t h e  b e t t e r  elements o f  ccTpet- 
i ng  courses o f  a c t i o n .  He may even be i n s p i r e d  l o  c rea te  an 
ac t ionab le  procedure. 
The spec ia l  importance o f  i d e n t i f y i n g  a l t e r n a t t v e s  i s  :hae 
t h e  best among them has a chance t o  compete. I t  i s  no t  too 
much t o  say t h a t  a  p a r t i c u l a r  course o f  a c t i o n  being fo l lowed a t  
a  moment i n  t ime  i s  r a t h e r  u n l i k e l y  t o  be the best one. Th is  
i s  due t o  the  neg lec t  o f  the rev iew func t ion .  The very  f a c t  t h a t  
resources are always l i m i t e d  argues i n  Favor o f  a search f o r  the  
most e f f i c i e n t  procedure. Once t h i s  i s  done, s e l e c t i o n  o r  dec i -  
- I  s ion  making i s  almost a n t i c l i m a t i c .  Some a l t e r n a t i v e s  may be 
",I- r ' *J  e l i m i n a t e d  a t  f i r s t  cons idera t ion ,  o thers  may have t o  be costed, 
and u l t i m a t e l y  t h e  judgment o f  experience may be brought t o  bear .  
Whatever the r e s u l t ,  t h e  p lanner  knows t h a t  he has the best  
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p r a c t i c a b l e  course o f  a c t i o n  t o  f o l l o w .  
Schedule o f  Act i v i  t is 
The l a s t  s tep i n  the  p lann ing  process invo lves  the  schedul- 
i n g  o f  a c t i v i t i e s .  There a re  a t  least  th ree  important elements 
t o  be i d e n t i f i c d :  a c t i v i t y ,  who i s  t o  per form each, and when. 
Some would add the  element o f  c o s t .  I t  i s  o f t e n  a very d i f f i c u l t  
mat te r  t o  determine e x a c t l y  whet ac t ions  a r e  e s s e n t i a l  t o  t h e  
at ta inment  o f  an o b j e c t i v e .  The mere fa;t o f  p lann ing  assumes 
a s e r i e s  o f  ac t ions  hundreds and even thousands i n  number. And 
yet the p lanner  must know what are these ac t ions  and i n  what 
order they a re  t o  be performed. The i r  ch rono log ica l  l i s t i n g  
serves the  purposes o f  understanding and e f f i c i e n c y  i n  t h e i r  
cont r o  I. 
I t  i s  equa l l y  important t o  s p e c i f y  who i s  t o  accomplish each 
1 
ac t ion .  Good management requ i res  the a c c o u n t a b i l i t y  o f  i n d i v i -  
duals  f o r  p roduc t i ve  a c t i v i t i e s :  i t  i s  obv ious ly  f u t i l e  eo spe- 
c i f y  an a c t i o n  and not  know who i s  responsib le  f o r  i t s  success- 
f u l  accomplishment. 
Schedul ing the  t ime when the a c t i v i t y  i s  t o  be s t a r t e d  
and completed, and perhaps the q u a n t i t y  t o  be f i n i s h e d  w i t h i n  
t h a t  span i s  a l s o  e s s e n t i a l .  Considerat ion o f  t h i s  f a c t ~ r  w i l l  
r e q u i r e  a t t e n t i o n  t o  the  t ime when the o b j e c t i v e  i s  t o  be com- 
p l e t e d  and permi t  the  p lanner  t o  work back i n  order  t o  a l l o w  
f o r  s u f f i c i e n t  lead t ime f o r  successive opera t ions  and f o r  op- 
p o r t u n i t i e s  t o  schedule simultaneous a c t i o n  where f e a s i b l e .  
P r a c t i c a l  Considerat ions 
j Formal p lann ing  as descr ibed above i s  a  c o s t l y  process. 
As a consequence, i t  i s  o n l y  sens ib le  t o  i d e n t i f y  c e r t a i n  ob- 
j e c t i v e s  f o r  t h i s  t reatment .  One need no t  p l a n  i n  making 
even a ser ious dec is ion .  The major elements can be recognized, 
weighted, and evaluated w i thou t  a  p lan .  Nei ther  i s  a  formal 
p l a n  requ i red  fo r  ehe at ta inment  o f  r a t h e r  simple goals. On 
the o ther  hand, formal p lann ing  i s  c e r t a i n l y  requ i red  f o r  top  
p r i o r i t y  o b j e c t i v e s  whose accomplishmene invo lves  numerous e c t i -  
v i e i e s  c a r r i e d  out  over a long p e r i o d  o f  t ime.  The human being 
i s  simply not  capable o f  keeping i n  h i s  head thousands o f  a c t i o n s  
spaced i n  t ime.  Furthermore, from a f i n a n c i a l  p o i n t  o f  view i t  
i s  o r d i n a r i l y  important t o  budget f o r  and keep t r a c k  o f  c o s t s .  
Th is  requirement i s  f a c i l i t a t e d  by adopt ing a formal p l a n .  
A l l  p lans should permi t  f l e x i b i l i t y  i n  t h e i r  execut ion.  
Men a re  not  c l a i r v o y a n t  and no one needs t o  be reminded t h a t  nu- 
merous e r r o r s  creep i n t o  o r i g i n a l  schedules due t o  f a i l u r e  t o  
forecast  accura te ly  when i n  f a c t  each a c t i v i t y  w i l l  bc under- 
taken. The manager has a need t o  s h i f t  resources and t i m i n g  i n  
o rder  t o  get back on schedule and he should c e r t a i n l y  be permi t -  
t e d  t o  do so. The need t o  develop a t o e a l l y  new p l a n  i s  a r a r i t y  
indeed. I t  does occur when unforeseen catac lysmic events i n t r u d e .  
For instance, a  s h i f t  from a war t o  ~i peace foo t ing ,  a  major 
c y c l i c a l  depression, o r  a  c a t a s t r o p h i c p l a g u ~ w o u l d  s u r e l y  fo rce  
rep lanning.  But any th ing  lass can be handled through the  device 
o f  f l e x i b i l i t y .  
Another f a c t  o f  l i f e  about p lann ing  i s  t h a t  any dec is ion  
t o  proceed t o  a s p e c i f i c  o b j e c t i v e  necessar i l y  invo lves  the c o s t  
o f  s a c r i f i c i n g  o ther  goals. Since resources a re  scarce bu t  
e s s e n t i a l  i n  t h e  at ta inment  o f  o b j e c r i v e s  i t  Fol lows t h a t  b e  i c  
dec is ions  o f  p r i o r i t y  and t iming,  and even o f  exc lus ion,  have t o  
be made, A p l a n  t o  f inance the c o l l e g e  educat ion o f  a  c h i l d  
excludes th' use o f  funds f o r  o ther  purposes. The s a c r i f i c e  
invo lved  i s  the  measure o f  the  cos t  o f  f o l l o w i n g  the p lan .  A 
dec is ion  t o  devote resources t o  development may exclude the 
employment o f  funds fo r  research. A  manager should be aware o f  
the human tendency t o  evaluate p o s i t i v e l y  t h e  gains t o  be achiev-  
ed by secur ing a  p a r t i c u l a r  goal and t o  ignore the  cos ts ,  c a l l e d  
a l t e r n a t i v e  by economists, o f  s a c r i f i c i n g  o ther  p o t e n t i a l  goals .  
Despi te  these p r a c t i c a l  issues there  does remain the c e n t r a l  
f a c t  t h a t  p lann ing  i s  an instrument t h a t  pe rmi ts  us t o  comand 
tne f u t u r e .  We need no t  be i n  the p o s i t i o n  o f  w a i t i n g  f o r  o r  
responding t o  a  f u t u r e  event .  P lanning i s  s e r i o u s l y  misunder- 
stood, as i t  i s  by most businessmen, i f  i t  i s  conceived as merely 
1 a  guess about whae c o n d i t i o n s  w i l l  p r e v a i l  at  a  f u t u r e  t ime. 
Planning s p e c i f i e s  what w i l t l  happen gE.@ s p e c i f i e d  f u t u r e  t ime. 
, I 1  I 
the degree o f  c e r t a i n t y  i s s . 9 8 t 0 h i S b i n g ~ y  h i g h  i f  the  p l a n  i s  
* .?- V J '  
we 1 l conceived and i s  executed,af;ant i t i p a t e d .  ~ r " e ,  the re  may 
v - ?* 
b e  the catast rophe t h a t  upsets a pldn.  .%ut;tkesg.,are few i n -  
n _ -  
* r *  
deed, and any th ing  less can be absorbed by f l e x i b l e  a c t i o n .  We 
a re  indeed approaching the  t ime when we can r e a l l y  p l a n  what w i l l  
7 ,  
occur i n  the fu tu re ,  and see t h a t  i t  happens. 
ORGANIZING 
Organizat ion i s  a  s o c i a l  i nven t ion  c rea ted  i n  order  t o  focus ; 
t h e  energies o f  e n t e r p r i s e  cooperators  upon the accomplishment 
o f  some purpose. From a  conceptual p o i n t  o f  view he who would 
organize has a need t o  understand the many a c t i v i t i e s  which must 
1 be performed i n  order  t o  reach h i s  goals .  These a c t i v i t i e s  a re  
then grouped i n t o  what i s  conceived as t h e  bes t  means o f  f a c i l i -  
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t a t i n g  the f low o f  work towards the des i red  end. The c h i e f  
problemis encountered i n  c o n s t r u c t i n g  the formal o r g a n i z a t i o n  
s t r u c t u r e  a re  the  span o f  management, l i n e - s t a f f - s e r v i c e  r e l a t i o n -  
ships, d e c e n t r a l i z a t i o n  o f  a u t h o r i t y ,  and the  use o f  c a ~ m i t t e e s .  
o f  tjanaqement 
The c e n t r a l  issue i n  the  span o f  management i s  the number 
o f  people who should repor t  co a  p a r t i c u l a r  manager. Th is  p ro -  
b l e m  has been i n t e n s i v e l y  s tud ied.  Some w r i t e r s  a re  i n t e r e s t e d  
i n  r e p o r t i n g  what managers a c t u a l l y  do about the  problem, o thers  
have t r i e d  t o  develop mathenlatical f o r ~ u l a e ,  and a  few choose 
a  s p e c i f i c  number and suggest tha t  i r  n e i t h e r  be exceeded nor 
underplayed. The f a c t  o f  the m t t e r  i s  ehar no g e n e r c l i z s t i o n  
can be made because there  are too many unstable v a r i e b l e s  t o  bc 
considered. 
The manager s r r i v e s  t o  determine the number o f  s u b o r d i n a ~ e s  
t h a t  he can e f f e c e i v e l y  supervise. He h imse l f  i s  one o f  the 
va r iab les .  H is  p r o f i c i e n c y  i n  concep tua l i z ing  h i s  j o b ,  i n  
execut ing e f f e c t i v e l y  and e f f i c i e n t l y  h i s  severa l  func t ions  as 
a  manager, i n  the use o f  h i s  time, and i n  h i s  choice o f  c 3 n r r o l  
devices such as formal repor ts  compared w i t h  ?ace- to- face con- 
ferences are a l l  important va r iab les .  And o f  course, managers 
d i f f e r  f r a n  each o ther  i n  these respects .  
Subordinates a r e  another v a r i a b l e .  The amount o f  superv i -  
sory t ime  which they r e q u i r e  d i f f e r s  w i t h  respect LO each o f  them 
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due to t h e i r  t r a i n i n g ,  dependency. need For a t t e n t i o n  and en- 
couragement, and the rewards which they seek. Since t ime has 
i t s  in f luence  on a l l  these fac to rs  subordinates do change i n  
terms o f  experience, r e l i a b i l i t y  and e f f i c i e n c y .  Also, the  per -  
sonal i d e n t i t y  o f  subordinates changes as a r e s u l t  o f  promotion, 
t r a n s f e r  and te rmina t ion .  The "co r rec t "  number o f  subordir lates 
t h a t  f i t s  one set o f  circumstances a t  a  moment o f  t ime  wi 11 
s u r e l y  be i n c o r r e c t  as each day passes. 
Another category o f  v a r i a b l e s  concerns the environment i n  
which the manager and h i s  subordinates must work. The i n t e r n a l  
environment i s  a f f e c t e d  by the management ph i losophy o f  the  top 
manager, the  atmosphere o f  autocracy o r  permissiveness 
he creates,  and the  t r a d i t i o n  o f  numerous meetings, conferences 
and conwi t tee  work. The e x t e r n a l  environment i s  a f f e c t e d  by the 
scope o f  the  e n t e r p r i s e  a c t i v i t i e s ,  t rade  a s s o c i a t i o n  work, the  
meetings o f  learned s o c i e t i e s ,  and t r a d i t i o n s  o r  even requirements 
o f  customer se rv ic ing .  These circumstances a f f e c t  the a v a i l a b l e  
t ime o f  any manager t o  superv ise h i s  subordinates and thereby 
a f f e c t  t h e i r  number. 
F u l l  t ime and p a r t  t ime  managers have q u i t e  d i f f e r e n t  pro-  
blems w i t h  respect t o  t h e i r  spans o f  mnagement. The p a r t  t ime 
manager i s  f requen t l y  encountered a t  the superv isory l e v e l .  
He manages some subordinates but  i s  a l s o  expected t o  engage i n  
t h e  t e c h n i c a l  work o f  h i s  group as i s  any o ther  subordinate. 
Sometimes t h i s  arrangement i s  used i n  an emerging department 
where the scope o f  work does not  ye t  c a l l  f o r  a  f u l l  t ime  manager; 
sometimes i t  i s  a  response t o  the  c o n t r a c t i o n  i n  s t a f f  r e s u l t -  
i n g  from a d e c l i n e  i n  the  work load; and sometimes i t  i s  a  d e l i -  
be ra te  arrangement, o f t e n  encountered i n  engineer ing and research 
o rgan iza t ions .  Whatever the reason, i t  i s  abundantly c l e a r  t h a t  
\ t he  p a r t  t ime manager w i l l  c e r t a i n l y  have fewer subord inates 
r e p o r t i n g  t o  him than h i s  f u l l  t ime  coun te rpar t .  
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Every though t fu l  manager i s  concerned about h i s  span o f  
management. He f e e l s  c o n t i n u a l l y  the  s t resses and s t r a i n s  o f  
superv is ing  subordinates from month t o  month and year t o  year. 
He s t r i v e s  t o  determine t h e  c o r r e c t  number o f  subordinates f o r  
him. He r e a d i l y  knows when he has reached the extreme o f  under- 
employment because he gets  bored; he knows when he has reached 
the extreme o f  overemployment because h i s  e f fec t i veness  sharp ly  
dec l ines .  Between the extremes ehere i s  always much u n c e r t a i n t y  
about whether h i s  span i s  r e a l l y  c o r r e c t .  Stable o r g a n i z a t i o n  
s t r u c t u r e s  r e f l e c t  t h i s  l a t t e r  c o n d i t i o n .  Organizat ion change 
i s  the  normal c o r r e c t i o n a l  procedure i f  the manager i s  o p e r a t i n g  
a t  e i t h e r  extreme. 
L ine-S ta f f -Serv ice  Re la t ionsh ips  
These types o f  o r g a n i z a t i o n a l  groups a re  d i s t i n g u i s h a b l e  i n  
terms o f  t h e i r  func t ions ,  the  reasons f o r  b reak ing  them out,  and 
the  a u t h o r i t y  o f  t h e i r  managers. L ine  func t ions  represent the  
ind ispensable a c t i v i t i e s  requ i red  t o  produce the  serv ices  o r  
products  o f  the e n t e r p r i s e .  The i r  na tu re  depends e n t i r e l y  upon 
what i s  t o  be produced, and the re levan t  technology: the way 
they a r e  grouped depends upon the  manager's s k i l l .  Group t i t l e s  
such as Engineering, Teaching, Aud i t i ng ,  and Research a re  j u s t  
as meaningful and appropr ia te  as Manufactur ing, Market ing and 
I 
Finance', The managers o f  these groups a re  f u l l y  accountable 
t o  t h e i r  super io rs  f o r  r e s u l t s  and a re  delegated the  a u t h o r i t y  
needed t o  accomplish them. 
The serv ice  functbn i s  c l o s e l y  a l l i e d  t o  the  l i n e  because 
i t  der i ved  theref rom. A c t i v i t i e s  imp l ied  by the  terms Accounting. 
and 
Personnel,/Haintenance were t y p i c a l l y  c a r r i e d  ou t  by l i n e  managers 
u n t i l  t he  f i r m  grew i n  s i z e  t o  t h e  p o i n t  t h a t  economies were 
gained from s p e c i a l i z a t i o n .  A d d i t i o n a l  advantages can be ob- 
t a i n e d  from t h i s  segregat ion o f  func t ion  because the  personnel 
employed a re  exper ts  i n  t h e i r  s p e c i a l t i e s  and because the  group 
can be used f o r  m o n i t o r i n g  p o l i c y .  The p a r t i c u l a r  f u n c t i o n  o f  
se rv ice  groups i s  serv ice.  They a r e  p r i m a r i l y  i n  ex is tence  t o  
f a c i l i t a t e  the l i n e  operat ions,  Accounting by p r o v i d i n g  f inan-  
c i a l  v i s i b i l i t y ,  Personnel by p r o v i d i n g  standards f o r  r e c r u i t -  
ment, wages and s a l a r i e s ,  appra isa ls ,  and i n d u s t r i a l  peace, and 
Maintenance by p r o v i d i n g  r e p a i r  and upkeep serv ices .  Serv ice 
group managers o f t e n  possess f u n c t i o n a l  a u t h o r i t y  over the  o ther  
peer and subord inate managers. For instance, Accounting may 
r e q u i r e  f i n a n c i a l  i n fo rmat ion  a t  s p e c i f i c  t imes and i n  p a r t i -  
c u l a r  forms, Personnel may have an i n d u s t r i a l  r e  I a t  ions f u n c t i o n  
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( o r  v i c e  versa i n  large f i rms)  whose head may c a r r y  on negot ia-  
t i o n s  w i t h  unions and make c o n t r a c t  i n t e r p r e t a t i o n s ,  and i n  some 
s i t u a t i o n s  the  maintenance managers may be i n  charge o f  s a f e t y  
and have the a u t h o r i t y  t o  shut down an opera t ion .  
The pure s t a f f  executes the func t ions  o f  i n v e s t i g a t i o n  and 
recommendation t o  l i n e  and s e r v i c e  super io rs .  They come i n t o  
being when there  i s  a  need f o r  a  c o n t i n u i n g  f u l l - t i m e  a t t e n t i o n  
t o  the study o f  p a r t i c u l a r  problems. Needs t h a t  a re  occasional  
and t h a t  are best met by severa l  people a re  normal ly  f i l l e d  by 
c o n s u l t i n g  f i r m s .  The s t a f f  i s  always comprised o f  exper ts  i n  
narrow f i e l d s ,  such as economics, p lanning,  taxes, markets, and 
law. I t  has no a u t h o r i t y  over anyone e l s e  and thus i t s  f u n c t i o n  
1 i s  served when persuasion i s  used t o  i n f l u e n c e  the acceptance o f  
recommendations. 
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D e c e n t r a l i z a t i o n  o f  A u t h o r i t y  
The degree o f  d e c e n t r a l i z a t i o n  o f  a u t h o r i t y  i s  a  r e l a t i v e  
m a t t e r .  Very small  f i r m s  w i t h  o n l y  one manager obv ious ly  remain 
f u l l y  c e n t r a l i z e d ;  a t  the  o ther  extreme, the  f u l l  decen t ra l i za -  
t i o n  o f  a u t h o r i t y  t o  the  t e c h n i c i a n  l e v e l  would produce o n l y  
chaos. P r a c t i c a l l y  a l l  e n t e r p r i s e s  operate w i t h  a u t h o r i t y  de- 
c e n t r a l i z e d  t o  some p o i n t  w i t h i n  these extremes. A l l  managers 
a t  the  va r ious  l e v e l s  o f  t h e  o r g a n i z a t i o n  must have some autho- 
r i t y  and t h e r e f o r e  sane degree o f  d e c e n t r a l i z a t i o n  always e x i s t s .  
But i t  can be i n  g rea te r  o r  less degree depending upon numerous 
circumstances. The q u a l i t y  and e x t e n t  o f  the  educat ion and ex- 
per ience o f  employees i s  an important v a r i a b l e ,  as i s  the  d e s i r e  
t o  p rov ide  o p p o r t u n i t i e s  f o r  the t r a i n i n g  and development o f  
subordinates, the c r i t i c a l  na tu re  o r  s i t u a t i o n  i n  which an 
e n t e r p r i s e  o r  any o f  i t s  p a r t s  f i n d s  i t s e l f ,  and t h e  proven 
a b i l i t y  o f  t h e  severa l  managers. I t  f o l l o w s  t h a t  d e c e n t r a l i z a t i o n  
may be g rea te r  i n  s m e  d i v i s i o n s  and departments than i n  o thers .  
Furthermore, a u t h o r i t y  over some func t ions  such as d i r e c t i o n  o f  
subordinates and s t a f f i n g  p o s i t i o n s  and over some p a r t s  o f  them 
such as budget r e s p o n s i b i l i t y  and c o n t r a c t  nego t ia t ions  may 
w e l l  be decen t ra l i zed  w h i l e  p lann ing  f o r  and c o n t r o l  o f  the 
t o t a l  e n t e r p r i s e  must be c e n t r a l i z e d .  
A u t h o r i t y  d e c e n t r a l i z a t i o n  may best be viewed as a  tech- 
n ique o f  t h e  manager. He i s  concerned w i t h  g e t t i n g  the best  
r e s u l t s  w i t h  a v a i l a b l e  resources. To t h i s  end he w i l l  p l a n  as 
e f f e c t i v e l y  as he can, s t r u c t u r e  the  o r g a n i z a t i o n  i n  t h e  way 
t h a t  y i e l d s  t h e  best  r e s u l t s ,  s e l e c t  the  bes t  combinat ion o f  
personnel,  and d e c e n t r a l i z e  a u t h o r i t y  among managers i n  the  
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degree that achieves the best results. It is the manager's 
judgment that, in the end, is the critical factor. This is why 
the manager needs a broad and deep knowledge of his external 
environment, of the internal operations, and of how he can 
realize the highest degree of productive capability from his 
subordinates. He must apply this knowledge with intelligence 
not once and for all, but in a continuing manner as he grows 
in wisdom. 
Cmittees 
A c m i  t tee i s cmpr i sed of two or more people of equa 1 
organizational stature who are assigned a specific problem for 
investigation and recornendation. The c m i t t e e  may come from 
within an organizational group such as a department or it may 
represent several organizational groups. In the first instance 
1 
its primary function is to focus attention on some problem that 
needs solution. In the second instance its chief use is to 
aid in achieving cooperation a m n g  peer groups. An exception 
to this classification is the plural executive used for legal 
reasons as is the case of the board of directors of a corporatior 
Committees can be useful. They can bring together know- 
ledge and experience not possessed by one individual; they can 
broaden the knowledge of its members about the functioning of 
other groups; and they can r e c m n d  solutions for problems 
that otherwise would not get solved. When employed by the 
comon superior o f  the membership for these purposes the com- 
mittee device can be highly productive. Unfortunately, this is 
\ not the typical result. Committees are frequently used for 
unproductive purposes such as to delay action, to take the place 
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of a single manager, to permit avoidance of person~i respon- 
sibility, and to substitute for a poor organization structure. 
It is clearly the responsibility of the manager to employ the 
committee technique properly because its potential for high cost 
and frustration is enormous. 
STAFF l NG 
Among the many terms used in management literature that 
of staff and staffing present serious difficulties. in ordinary 
business practice if staff is used as a noun it means employees; 
in the sense of a staff meeting it refers to the subordiriates of 
a particular manager; and if used in contrast to line i t  means 
certain experts employed to investigate and recornend action to 
their superiors. As a function of the manager staffing is the 
process of recruiting, training, evaluating and prorating 
managers . 
The special attention implied in this definition to the 
problems of choosing and maturing our managers is fully deserved. 
The manager is the key person in cooperative enterprise. He 
is responsible for its success and for its failure. Through his 
lack of skills he can easily destroy a vigorous enterprise and 
he can rescue o desultory enterprise and make it strong and suc- 
cessful. Wherever success or failure sre discerned there 
scands behind i t  a manager who caused these results. 
The able manager, few though he be, rises to the challenge 
of enterprise. He identifies the opportunity before it is clari- 
fied for others to see, he gathers the resources essential for 
his purposes, and establishes the environment within which all 
employees, both subordinate managers and technical personnel, 
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are encouraged t o  r e a l i z e  t h e i r  f u l l  p roduc t i ve  c a p a b i l i t i e s .  
On the o ther  hand, the mediocre manager, o f  whom there  are leg ion,  
i m i t a t e s  the a c t i v i t i e s  o f  t h i s a b l e  manager, bu t  always too  slow- 
l y  t o  e s t a b l i s h  a  market advantage, too  unenl ightened i n  selec- 
t i n g  and managing resources, and too  ready t o  blame i n e v i t a b l e  
f a i l u r e  on government, compet i t ion,  o r  on the  i n d i f f e r e n t  
c o n t r i b u t i o n s  t o  e f f o r t  made by p o o r l y  chosen employees. 
C r i t i c a l  as i s  the f u n c t i o n  o f  the top manager o f  en te r -  
p r i s e  i e  should not  be over looked tha t  the a c t i v i t y  o f  the 
subordinate manager, whether t h i s  be a t  the d i v i s i o n ,  the 
department, o r  the  s e c t i o n  l e v e l ,  i s  almost as c r i t i c a l .  True, 
i f  i d e n t i f i e d  on time, the inadequate subordinate manager can 
be removed and the sore o f  h i s  d e f i c i e n t  opera t ion  cured. But 
the  major problem i s  tha t  the work o f  the e n t e r p r i s e  gets 
done a t  the c u t t i n g  edge between f r o n t  l i n e  superv isgr  a,nd h i s  
technic ians and p ro fess iona ls .  The top manager is.e%long way 
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from t h i s  p o i n t .  He must r e l y  on many o t h e ~ , , q p o ~ ~ e , h ~ s  p e e r s . t h r  
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body o f  middle rranagers, and h i s  superv isors t o  act  tn untson, 
as he would a c t ,  t o  accomplish h i s  intended resu.ltsa.. The f r u s -  
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t r a t i o n  p o t e n t i a l  i n  t h i s  o r g a n i z a t i o n a l  system i s  imryense ,,+ 
and so a l s o  a re  the  rewards. The s o l u t i o n  t o  the problem i s  = ^ c 
the  i n t e g r a t e d  power o f  the body o f  ab le  managers. There i s  ;c' 
l i t t l e  science and much a r t  i n  s e l e c t i n g  these men, and 
matur ing them. 
Select i o n  
Although the r e s u l t s  which we want managers t o  achieve 
\ can be descr ibed i n  r a t h e r  accurate terms the  problem o f  
i d e n t i f y i n g  w i t h  assurance t h e  man who w i l l  produce them almost 
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d e f i e s  s o l u t i o n .  The s i t u a t i o n  i s  i d e a l  f o r  the advocates o f  
fads and fanc ies and teci iniques because i t  i s  enormously com- 
p l e x  and we have no science t o  a i d  us. 
The f r o n t  l i n e  superv isor  who oversees the work o f  non- 
managers such es technic ians,  engineers, s c i e n t i s t s  o r  ac- 
countants  has a  key r o l e  t o  p l a y .  He i s  the o n l y  manager who 
i n t e r f a c e s  w i t h  the techn ica l  fo rce .  He must be management- 
o r i e n t e d  because he i s  i n  a  p o s i t i o n  o f  t r u s t ,  r e f l e c t i n g  the  
o b j e c t i v e s  o f  h i s  super io rs  and t h e i r  opera t ing  phi losophy.  
On the o ther  hand, he c rea tes  the environment which he deems 
w i l l  best  f a c i l i t a t e  ehe most p roduc t i ve  response o f  h i s  sub- 
o r d i n a t e s .  Such a person must r e a l l y  want t o  be a manager and 
h e  must have demonstrated t h a t  he i s  a  men o f  i n t e g r i t y  and 
possess leadership a b i l i t y .  Other e s s e n t i a l  q u a l i t i e s  such as 
the a b i l i t i e s  t o  comnunicate e f f e c t i v e l y  and t o  ~ i t i i i z e  l o g i c a l  
a n a l y t i c a l  methods he can learn.  He w i l l  be most l i k e l y  
se lec ted  from the techn ica l  personnel because he needs t e c h n i c a l  
c a p a b i l i t y  t o  r e c r u i t ,  t r a i n ,  oversee and i n s p i r e  subord inates.  
Indeed, the  process o f  s e l e c t i n g  the f r o n t  l i n e  superv isor  i s  
b o t h  c r i t i c a l  and complex and should never be appraached i n  a  
c a v a l i e r  fash ion .  
The s e l e c t i o n  o f  middle and top l e v e l  managers can be 
undertaken w i t h  much less chance o f  e r r o r .  They have c rea ted  
a management record  and i t s  q u a l i t y  i s  s t i l l  the best dev ice 
f o r  r e l i a b l y  p r e d i c t i n g  t h e i r  f u t u r e  success. Although e r r o r s  
may s t i l l  be made i n  es t imat ing  how a  candidate w i l l  i n t e r f a c e  
4 .. 1, 
w i t h  higher-"l i?vel peers, and whether he wi Il " t o p - ~ u t , ~ ~  there  
r e a l l y  i s  no excuse f o r  appo in t ing  mediocre middle and top 
managers . 
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Men at this level manage managers and it is inevitable 
that the higher they rise in the organizational structure the 
less current will be their technical capability. This pheno- 
menon has long been recognized and is universally accepted 
as a certainty. This factor, however, has not noticeably 
restricted the success of large institutions. Nevertheless, 
it is the current fashion of scientists, engineers and other 
specialists to demand technical excellence of their middle and 
top division or laboratory managers. They often expect these 
mnagers to prove their currency by carrying on personal 
research or other technical activity. Should they have their 
way they would seriously limit the growth of their organiza- 
tions because the number of people who could be supervised 
would be limited, and the quality of the managerial function 
would deteriorate through neglect. 
Development of Managers 
Development is a progressive concept that envisions growth 
in managerial skill. Growth is presumed to be the product of 
understanding t.he principles of management and the highly deve- 
loped art of their application. The opportunity for develop- 
ment is provided by the employer and the manager eagerly 
seizes upon it. This picture of the developing manager has 
been cultivated for some time. It has been a natural conclu- 
sion from the premise that men cannot be made to learn, but 
they will learn of their own accord if the opportunity pre- 
sents itself. 
This view of the manager, eagerly making the most of the 
development opportunities offered by the firm, is very, very 
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far from reality. The proportion of managers who really 
fit this conception is surely very low, perhaps less than 10%. 
What really occurs in organized enterprise is imposed devel- 
cpment. Thus, the subordinate mansger grows in wisdom to the 
extent that his superior coaches and counsels him, and 
insists upon improved methods of executing the managerial func 
tions. This, of course, can be a highly successful technique 
if the superior understands the managing process himself and 
is able to.teach it. If he cannot do this, no amount of "train- 
ing" by outsiders will be productive of results except for the 
insightful 10%. 
At the time that a scientist or engineer is selected to be- 
come a front line supervisor he stands in great need to know 
how to deal with his exeernal environment. He needs to become 
acquainted with the myriad details concerning the use of support 
and service groups. Budgets, accounting reports, supplies, 
maintenance service, procedures and policies, personnel services, 
and purchase requisitions are all mysteries; the authority he 
really has is always indeterminate; enterprise philosophy, 
division or laboratory objectives need to be known and inter- 
preted in terms of +he contributions of the new supervisor to 
them; numerous internal issues concerning the execution of 
the managerial functions await his acquaintance. 
The most effective way to come quickly to grips with these 
needs to know is through on-the-job training. If the newly 
designated supervisor can be assigned for a month or so to a 
successful, experienced supervisor who can teach there would 
be created a learning situation with the highest potential for 
r e s u l t s .  The m o t i v a t i o n  t o  l e a r n  would be s e l f - p r o p e l l e d  and 
the needs t o  know would be obvious. 
The successful p r a c t i c e  o f  management f o r  sovera l  years a t  
the f r o n t  l i n e  superv isory l e v e l  i s  the t y p i c a l  > r e p a r ~ t i o n  
f o r  s e l e c t i o n  as a middle leve l  manager. What, i n  a d d i t i o n  t o  
6 s  past  experience, does such a  candidate ne~:d t o  know and 
how can t h i s  be learned most e f f e c t i v e l y ?  A t  t h i s  po tn t  i n  h i s  
career  the newly appointed midd le  manager needs a  phi losophy 
o f  management. He needs t o  have an o p p o r t u n i t y  t o  achieve a  
comprehensive and cohesive understanding o f  the process o f  
managing. From t h i s  p o i n t  on i n  h i s  career  he w i l l  be managing 
managers and t o  do t h i s  e f f e c t i v e l y  c a l l s  f o r  a ~ l e a r  under- 
s tanding o f  the p r i n c i p l e s  o f  management. As always, t h e  rrost 
e f f e c t i v e  coach f o r  t h i s  purpose i s  h i s  new super io r .  The 
i n c e n t i v e  t o  lea rn  and t o  apply  p r i n c i p l e s  s k i l i f u l l y  c o u l d  
no t  be more favorably  disposed. I n  p r a c t i c e ,  however, the 
duty  o f  e x p l a i n i n g  management ph i losophy t o  newly appointed 
middlen;onagerS i s  t y p i c a l l y  assigned t o  an ou ts ide  i n s t r u c t o r  
This, o f  course, i s  a  very i n f e r i o r  way t o  achieve the intended 
r e s u l t s  because the  lea rn ing  s i t u a t i o n  leeves much t o  be de- 
s i r e d  and there  a r e  very few ou ts ide  i n s t r u c t o r s  who have an 
u p e r a t i o n e l  ph i losophy o f  management. I t  i s  p e r f e c t l y  c l e a r  
tha t  e n t e r p r i s e  w i l l  not  achieve i t s  p o t e n t i e l  f o r  best r e s u l t s  
u n t i l  i t s  super io r  managers begin L J  discharge t n e i r  personal  
r e s p o n s i b i l i t y  f o r  the e f f e c t i v e  develspment o f  t , i e i r  sub- 
o r d i n a t e  managers. Th is  i s  a  du ty  t h a t  cou ld  be effectively 
discharged by the  r e t i r e d  managers o f  the  e n t e r p r i s e .  
Candidates f o r  top  management p o s i t i o n s  normal ly  achieve 
t h i s  s ta tus  as a  r e s u l t  o f  successfu l  experience i n  a  s i n g l e  
d i v i s i o n  o r  f u n c t i o n .  They a re  b road ly  experienced i n  a  
narrow a c t i v i t y :  what i s  needed fo r  top management p o s i t i o n  
i s  men who a re  b road ly  experienced i n  severa l  a c t i v i t i e s .  
O f  course, i t  i s  not  poss ib le ,  s ince there  i s  a  l i m i t  t o  t ime, 
f o r  any man t o  be f u l l y  experienced i n  a l l  func t ions  o f  the 
en te rp r i se  which they would head. I n  a  p r a c t i c a l  wor ld  the  f i r m  
should p rov ide  them w i t h  broadening o p p o r t u n i t i e s  when they 
reach the top o f  the  middle l e v e l  rranagers. This  can be done 
i n  severa l  ways. P u t t i n g  them i n  charge o f  a  f u l l - f u n c t i o n  
d i v i s i o n ,  l o c a t i n g  them i n  f o r e i g n  lands K O  head the operat ions 
there,  o r  perhaps having therr run operat ions o f  a  p u b l i c  re -  
l a t i o n s  nature a re  the  means a v a i l a b l e .  So long as the key t o  
these broadening exper iences--actual  accountability f o r  r e s u l r s - ,  
i s  always kept i n  mind the development o p p o r t u n i t i e s  are 
maximized. 
Apprai s a l  
I t  would appear obvious t h a t  managers a re  aplTraised and 
tha t  the most reasonable bas is  should be the r e s u l t s  o f  t h e i r  
managership. But we do not always do what i s  obvious. For 
severa i  decades the  t y p i c a l  eva lua t ion  was based upon a  l i s t  o f  
personal c h a r a c t e r i s t i c s ,  ever changing i n  content  and always 
unmeasurable. This  was a preposterous s i t u a t i o n ,  sometimes 
amusing to  opera t ing  managers and sometimes f r u s t r a t i n g  i f  they 
took the  mat te r  s e r i o u s l y .  I t  was a  long t ime be fo re  the 
academic types r e a l l y  understood t h a t  managers a r e  p a i d  f o r  
g e t t i n g  r e s u l t s ,  no t  f o r  demonstrat ing an a r b i t r a r y  l i s t  of  
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personal c h a r a c t e r i s t i c s .  
The comon ins is tence  o f  personnel managers upon eppra isa l  
forms t h a t  r e f l e c t e d  personal  q i ~ a l i t i e s  was based upon the 
assumption t h a t  those who possessed these q u a l i t i e s  i n  h igh  
degree would be successfu l  mairagers. This approach has been 
a  f a i l u r e  because there i s  noknowngroup o f  q u a l i t i e s  tha t  
managers must have and becabse managers are no: employed j u s t  
because they possess such a  set o f  these c h a r a c t e r i s t i c s .  
They s r e  on the p a y r o l l  t o  get r e s u l t s  des i red  by the en te r -  
p r i s e .  Thus, the l o g i c  o f  appra isa l  p o i n t s  t o  an eva lua t ion  
o f  the degree t o  which s p e c i f i e d  o b j e c t i v e s  have been achieved. 
There i s  a  h i g h  degree o f  d i s c i p l i n e  requ i red  i n  the d e f i -  
n i t i o n  o f  o b j e c t i v e s .  An a n a l y s i s  needs t o  be made o f  the 
degree t o  which the end- resu l t s  o f  d e p a r t ~ e n t a l  o r  d i v i s i o n a l .  
o r  co rpora te  a c t i v i t y  assumes tha t  the manager's c h a r t e r  o r  
m iss ion  o r  f u n c t i o n  i s  be ing r e a l i z e d .  An examination o f  these 
r e s u l t s  i n  terms o f  t h e i r  t ime l iness ,  q u a l i t y ,  cos t ,  over laps 
and gaps w i l l  reveal  goals f o r  a c t i o n  which, i f  achieved, w i l l  
i mprove the accomplishment o f  the manager's c h a r t e r .  I t  i s  i n  
the  comparison o f  c u r r e n t  end products  and improved end pro-  
ducts t h s t  the re  i s  e l i c i t e d  a  number o f  o b j e c t i v e s  which the  
manager should s t r i v e  t o  a t t a i n .  When these are i d e n t i f i e d ,  
q u a n t i f i e d ,  and approved by h i s  super io r  the re  develops a  
bas is  f o r  appra isa l  by r e s u l t s .  These are c o n s t a n t l y  under 
review. The i r  a t ta inment  r e f l e c t s  excel lence i n  management: 
t h e i r  non-attainment c a l l s  f o r  d iagnos t i c  procedures. 
The f i r s t  requirement i n  the  d iagnosis  i s  t o  determine 
whether u n c o n t r o l l a b l e  eve,nts made i t  impossible f o r  the  
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manager t o  achieve h i s  goals. I f  t h i s  was no t  the case, i t  
becomes necessary t o  determine why he f a i i e d .  This  i n q u i r y  
leads the manager and h i s  super io r  t o  i n q u i r e  i n t o  the qua]-  
i t y  w i t h  which the the  managerial  func t ions  o f  p lanning,  organiz ing,  
s t a f f i n g ,  d i r e c t i n g  and c o n t r o l l i n g  were executed. Weal:nesses i n  
app ly ing  the  p r i n c i p l e s  which u n d e r l i e  these func t ions  are 
i d e n t i f i e d  and p rov ide  the bas is  f o r  coaching by the super io r  
manager. I f  t h i s  ana lys is  f a i l s  t o  h i g h l i g h t  the cause o f  f a i l u r e ,  
the d iagnosis  can then be d i  r - r t ~ r !  tn t h e  a.tt i tude and rechnioucs 
u t i l i z e d  by the manager. Th is  may reveal  important p e r s o n a l i t y  
defects  which i n t e r f e r e  w i t h  the process o f  goal achieverwnt .  
A program o f  t h i s  ns tu re  has many advantages and no d iscern -  
i s l e  disadvantages. I t  focuses a t t e n t i o n  on the manager's 
r e s u l t s - - t h a t  f o r  which he i s  p a i d  t o  ge t .  I t  overcomes the 
enormous f a i l u r e s  o f  appra isa l  i n te rv iews  by d i r e c t i n g  the ana- 
l y s i s  t o  the o b j e c t i v e  r e s u l t s  a t t a i n e d ,  which a re  no s u r p r i s e  
t o  the  manager because he i s  the F i r s t  co know o f  h i s  F a i l u r e .  
I t  prov ides f o r  c o n t i n u i n g  review r a t h e r  than the wooden and 
useless annual o r  semi-annual review o f t e n  i n s i s t e d  upon. And 
i t  has t h e  gzeat m e r i t  o f  p r o v i d i n g  the  super io r  menager w i t h  the 
o p p o r t u n i t y  t o  focus h i s  coaching on s p e c i f i c  andknown weaknes- 
ses o f  h i s  subord inate.  
D I R E C T I N G  
The managerial  f u n c t i o n  o f  d i r e c t i n g  i s  concerned w i t h  
assur ing  t h a t  the in te rpersona l  r e l a t i o n s h i p s  between F$W manager 
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and h i s  subord inate managers are such $s t o  induce the l a t t e r  t o  
operate a t  the peak o f  t h e i r  capabi !i ty .  Those who would d i r e c t  
e f f e c t i v e l y  a re  concerned about the  c o n t i n u i n g  o r i e n t a t i o n  o f  
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subordinates, the q u a l i t y  o f  communication w i t h  them, the issues 
1 involved i n  n o t i v a t i n g  them e f f e c t i v e l y ,  snd t h s  q u a l i t y  o f  the 
s u p e r i o r ' s  leadership abi l i  t y .  
O r i e n t a t i o n  
The o r i e n t a t i o n  process i s  much more complicated than the 
. s . f '  % 
o r i g i n a l ,  one-t ime acquaintance o f  the subord jndte manager w i t h  
his working environment. Essen t ia l  as t h i s  i s ,  i t  i s  more 
- .-.. 
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c o n s t r u c t i v e  t o  t h i n k  o f  o r i e n t a t i o n  as a c o n t i n u i n g  need o f  the 
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subord inate.  En te rp r i se  i s  dynamic, i t s  environment changes and 
adjbstn:ents must be made i n  consequence, o b j e c t i v e s  change through 
mod i f i ca t ion ,  enlargement and e l j m i n a t i o n ,  and o r g a n i z a t i o n a l  
chanyes q u i c k l y  fo l l ow.  Subordinate managers should be informed 
o f  these mat ters  t o  the  f u l l e s t  ex ten t  tha t  s e c u r i t y  p e r c i t s  
because they can then understand the need f o r  adjustments, they 
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can b e t t e r  i n t e g r a t e  t h e i r  own d u t i e s  w i t h  the view t o  improving 
t h e i r  own accomplishments, and the knowledge i t s e l f  w i l l  c u t  down 
on the wasted t ime f o r  gossip about u n c e r t a i n t i e s .  The c h i e f  
instrument a v a i l a b l e  t o  the  super io r  manager i s  h i s  s t a f f  meeting. 
b!ormally t h i s  i s  a  weekly a f f a i r  and prov ides the o p p o r t u n i t y  
t o  in form a l l  subord inate managers s imul taneously  O F  pending o r  
accomplished change and g ive  the group the  o p p o r t u n i t y  t o  discuss 
the  personal  i m p l i c a t i o n s  o f  change. 
Communication 
- 
Comun ica t ion  i s  the t r a n s f e r  o f  i n fo rmat ion  from one person 
t o  another .  i t  i s  a fundamental s k i l l  on which depends a l l  i n t e r -  
personal interchange. I t  i s  the bas ic  s k i l l  t h a t  makes poss ib le  
) the i n t e g r a t i o n  o f  e f f o r t  i n  coopera t i ve  endeavors. The h i s t o r y  
o f  i t s  development i s  f a s c i n a t i n g  i n  i t s  own r i g h t  but  on ly  
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s p e c i a l i s t s  are concerned here. The problems o f  communication 
i n  e n t e r p r i s e  l i e  not so  much i n  the lack o f  c b i l i t y  t o  usc the 
language, but  i n  the a b i l i t y  t o  conceptual ize the need and i n  
the wi 1 1  t o  e f f e c t u a t e .  To conceptual ize the  need i t  i s  neces- 
sary f o r  the maneger t o  understand the  advantages which p o t e n t i a l  
r e c i p i e n t s  would r e a l i z e  i f  i n fo rmat ion  were t ransmi t ted .  Th is  
empathetic a b i l i t y  t o  p lace onese l f  i n  the  p o s i t i o n  o f  the 
r e c i p i e n t s  and " f e e l "  the  importance o f  the corrmunisation i s  a  
r a r e  t h i n g  indeed. The se l f -centeredness o f  people i s  p r o v e r b i a l :  
they tend t o  ignore the needs o f  o thers .  l o  the case o f  COT- 
municat ion i t  i s  easy to  be unaware o f  the needs OF o thers  For 
in fo rmat ion .  The r i l l  t o  comnunicate i s  another mat te r .  Here 
the re  are the known advantages t o  others  o f  p o t e n t i a l  i n f o r c a t i o n  
accompanied by the p l a c i d i t y  o f  i n a c t i o n .  l e  takes determinat ion 
and energy t o  execute a corrmunication, be i t  by telephone, meiro- 
randurn, o r  carbon copy. I t  i s  so very easy FOP the manager t o  
p r o c r a s t i n a t e  and E O  ignore.  Conceptual a b i l i t y  i s  most genera l l y  
present bu t  the  w i l l  t o  ccmmunicate i s  f l a c i d .  
There r e a l l y  i s  no cure f o r  the f a i l u r e  t o  cornmunicate. This  
i s  why the communication process i n  e n t e r p r i s e  v a r i e s  from poor 
t o  embarassingly hopeless. The F a i l u r e  i s  not  evaluated i n  the 
appra isa l  o f  managers. I t  i s  a  f r u s t r a t i o n  t h a t  the i n d i v i d u a l  
attempts t o  overcome, from the  r e c e i v i n g  v iewpoint ,  by the  
devious means o f  the  grapevine. From the  sending v iewpoint ,  
improvement can o n l y  come from s e l f - d i s c i p l i n e .  
M o t i v a t i o n  
The m o t i v a t i o n  process i s  concerned w i t h  i n f l u e n c i n g  sub- 
o r d i n a t e  managers t o  operate as near t h e i r  maximum c a p a b i l i t y  
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The manager's a b i l i t y  t o  lead i s  o f t e n  r e f e r r e d  t o  as a  
c h a r i s r a t i c  q u a l i t y - - a n  unexpla inable aura tha t  envelops the 
leader who a t t r a c t s  e n t h u s i a s t i c  f o l l o w e r s .  Whatever i t  i s ,  
t h e  leader i s  a b l e  t o  imbue h i s  fo l l owers  w i t h  an urgency t o  
per form zealous ly  and e f f e c t i v e l y .  He may s u b t l y  apply the  
m o t i v a t i o n a l  i ncen t i ves  discussed above; he may use success-- 
t o  
perhaps the eas iesv  apply- -as a  promise o f  f u t u r e  successes; and 
he may even use f a i l u r e  and d e p r i v a t i o n  t o  spark an unwor ld ly  de- 
v o t i o n .  Great leaders seem t o  know i n s t i n c t i v e l y  j u s t  what incen- 
t ives t o  use, i n  what degree, and a t  what t i v e s .  But the wor ld  
has produced few great  leaders. 
I n  the management o f  e n t e r p r i s e  i t  i s  q u i t e  p o s s i b l e  f o r  a  
department, d i v i s i o n  o r  even the  whole concern t o  operate i n  a  
successfu l  fash ion  w i thou t  the  exerc ise  o f  great  leadership a b i l -  
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i t y .  To a  very considerable ex ten t  managers a r e  s e l f - m o t i v a t e d  
and a r e  moved by s o c i a l  pressure.  Th is  alone enables them t o  
achieve a t  l eas t  minimal l e v e l s  o f  success w i t h i n  t h e i r  own 
o r g a n i z a t i o n a l  group. t i  t h e i r  super io rs  merely avo id  b l u n t i n g  
the amb i t ion  o f  these s e l f - p r o p e l l i n g  subordinates, good r e s u l t s  
can be a t t a i n e d .  I t  i s  a t  these leve ls  o f  leadership t h a t  
near l y  a l l  e n t e r p r i s e s  operate.  Few there  a r e  tha t  a re  blessed 
w i t h  one o r  two managers w i t h  ou ts tand ing  leadership a b i l i t y .  
For t h i s  i s  a  q u a l i t y  t h a t  can be learned bu t  cannot be taught .  
There a re  few people indeed who consc ious ly  c u l t i v a t e  t h e i r  lead- 
e rsh ip  s k i l l s  and h a r d l y  any o f  these are i n  i n d u s t r y .  
Overa l l  i t  must be admi t ted t h a t  managers per form the 
d i r e c t i n g  f u n c t i o n  w i t h  a low l e v e l  o f  s k i l l .  Th is  i s  q u i t e  
understandable because they a r e  d e a l i n g  e n t i r e l y  w i t h  in te rpersona l  
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f a c t o r s  and there  i s  l i t t l e  known fo r  sure about the  na tu re  o f  
man. Consequently the  d iscern ing  manager w i l l  approach t h i s  
f u n c t i o n  w i t h  a  keen sense t o  i n t e r p r e t  the r e s u l t s  o f  t r i a l  
e f f o r t s .  Even tua l l y  he w i l l  be a b l e  t o  d i s t i n g u i s h  a  p a t t e r n  
o f  cause and r e s u l t s  which works f a r  him, a  happy event indeed. 
For those managers who have not  the i n t e r e s t ,  pat ience,  a n a l y t i c a l  
s k i l l  and i n t r o s p e c t i o n  requ i red  t o  reach these r e s u l t s  the q u a l i t y  
o f  t h e i r  leadership w i l l  be depress ing ly  meager. 
CONTROLLI N t  
I t  i s  u n f o r t u r a t e  t h a t  the very term ' c o n t r o l '  tends t o  be 
associated i n  the minds o f  so many w i t h  c o n s t r a i n t  on i n d i v i d u a l  
freedom. O f  course these r e s t r a i n t s  do e x i s t .  A l i f e  w i thou t  
c o n s t r a i n t  i s  complete ly  unknown f o r  i t  c o u l d  be experienced 
o n l y  by a  Robinson Crusoe be fo re  he d iscovered h i s  F r iday .  I n  
a l l  e n t e r p r i s e  from the fami ly  t o  the la rges t  formal o rgan iza t ions  
i n d i v i d u a l  freedom i s  r e s t r i c t e d .  I n  business the  purpose o f  
r e s t r i c t i o n  i s  t o  b e t t e r  achieve the ends sought, and t h e r e f o r e  
hours o f  work, p o s i t i o n  des ignat ion,  minimal r u l e s  r e l a t i n g  t o  
h e a l t h ,  we l fa re  and custom, and b e n e f i t s  are a l l  s p e l l e d  o u t .  
D i s c i p l i n a r y  r u l e s  a re  set  f o r t h  as the  means o f  e n f o r c i n g  
conformance. Nor i s  our technique unusual.  Every s o c i e t y  from 
p r i m i t i v e  t o  advanced and from ancient  t imes t o  the  present  
requ i red  conformance t o  known r u l e s  o f  behavior from everyone. 
So accustompd a re  we t o  these c o n s t r a i n t s  t h a t  v e r y  l i t t l e  
o b j e c t i o n  i s  taken t o  them and conformance i s  l a r g e l y  taken f o r  
granted. En te rp r i se  managers a r e  more concerned about encouraging 
the  exerc ise  o f  freedom on the  p a r t  o f  subord inates t o  make 
suggest ions f o r  technique and product  improvements, growth, cos t  
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improvement, innovat ions,  and the  removal o r  lessening o f  res-  
t r i c t i o n s  no longer needed. Every o p p o r t u n i t y  t o  be p roduc t i ve  
and e f f i c i e n t ,  and t o  u t i l i z e  t h e i r  personal  i n i t i a t i v e  i n  the  
se rv ice  o f  the e n t e r p r i s e  i s  prov ided.  This  t rend  has been 
e s p e c i a l l y  no t i ceab le  w i t h  the r i s i n g  leve l  o f  educat ion o f  
employees, and t h i s  i s  why the maximum freedom i s  found i n  
labora to r ies ,  i n  engineer ing d i v i s i o n s ,  and i n  u n i v e r s i t i e s .  
The c h i e f  r e s t r i c t i o n s  f e l t  by employees work ing i n  these groups 
o f  a c t i v i t i e s  are c a p i t a l ,  budgets, and i n  the choice o f  ob jec-  
t i v e s  approved b y  the e n t e r p r i s e  managers. 
I n  the  management sense, the c o n t r o l  f u n c t i o n  i s  concerned 
w i t h  m o n i t o r i n g  t h e  implementat ion o f  p lans f o r  the  accomplish- 
ment o f  important o b j e c t i v e s .  The c o n t r o l  process invo lves  the 
establ ishment o f  standards, comparison o f  a c t u a l  w i t h  planned 
achievement, and t a k i n g  c o r r e c t i v e  a c t i o n  where ind ica ted .  The 
in fo rmat ion  system requ i red  f o r  c o n t r o l  can be very expensive, 
and there fo re  i t  should be evaluated i n  terms o f  c e r t a i n  q u a l i t i e s .  
Stendsrd f o r  Contro l  
I t  i s  q u i t e  obvious tha t  no c o n t r o l  can be exerc ised unless 
the re  i s  some basis  fo r  measurement. This  i s  r e a d i l y  found i n  
t h e  p l a n  wherein the q u a n t i f i e d  o b j e c t i v e  i s  set  f o r t h ,  a  s t r a t e g y  
f o r  i t s  achievement i s  selected, and a chrono log ica l  schedule o f  
events, accompanied by dec is ions concerning who w i l l  per form each 
and when he wi ll s t a r t  and complete the a c t i v i t y ,  i s  set f o r t h .  
The successfu l  implementat ion o f  such a  p l a n  w i l l  c e r t a i n l y  
r e s u l t  i n  ach iev ing  o b j e c t i v e  sought. However, the re  a re  few 
1 plans indeed t h a t  can be implemented as scheduled. I f  t h i s  
were not  so, the re  would be no need f o r  c o n t r o l .  The execut ion 
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o f  each p l a n  i s  made d i f f i c u l t  due t o  e r r a n t  fo recas ts  o f  un- 
c e r t a i n t i e s  such as secur ing the number, q u a l i t y  and t imed 
avai l a b i  l i  t y  o f  s t a f f ,  the  vagar ies e f  f i nanc ing ,  the inabi  l i t y  
t o  c o n t r o l  the  performance o f  antecedent groups, labor s t r i k e s  
and slow-downs, and unan t i c ipa ted  engineer ing problems. The e f f e c :  
o f  these forces on the  p l a n  can be known on ly  i f  re levan t  i n f o r -  
mat ion i s  forthcoming. 
Comparison o f  Actual  t o  Planned Performance 
The i n f o r p a t i o n  system must supply ac tua l  per forvance data 
i n  terms o f  q u a n t i t y ,  q u a l i t y ,  t i m i n g  and cost  so tha t  one can 
know where he stands w i t h  reference t o  where he planned t o  be 
The ac tua l  comparison i s  very simple, but  i t  t e l l s  a  very s ~ g -  
n i f ~ c a n t  s t o r y .  The manager knows the degree t o  which he i s  
ahead o r  behind schedule, he can make a rough con~parison o f  h i s  
percentase o f  complet ion and the p r o p o r t i o n  o f  budget spent, and 
h e  w i l l  know who was responsib le  f o r  the  a c t i v i t y  t h a t  i s  i n  
trouble. On the bases o f  these colrparisons he wi 1 1  judge whether 
c o r r e c t i v e  a c t i o n  i s  necessary. 
Cor rec t i ve  Ac t ion  
Taking c o r r e c t i v e  a c t i o n  imp l ies  tha t  the p l a n  i t s e l f  i s  
f l e x i b l e .  The o b j e c t i v e  i s  t o  get back on schedule and t h i s  
means tha t  m o d i f i c a t i o n s  i n  t h e  p l a n  w i  l l  have t o  be made. Where 
the  p l a n  i s  o f f - schedu le  f o r  uncon t ro l lab le  reasons the  manager 
may be ab le  t o  r e c t i f y  the s i t u a t i o n  by borrowing people, work ing 
overt ime, sub-contract ing,  and shor ten ing  the l i n e s  o f  c o m u n i -  
c a t i o n .  Other c o r r e c t i v e s  may invo lve  s t r i c t e r  c o n t r o l  over funds, 
b e t t e r  q u a l i t y  c o n t r o l ,  o r  secur ing e x t e r n a l  he lp  t o  so lve techn i -  
c a l  problems. Changes i n  the methods o f  managing h i s  subordinates 
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been l a r ~ e i y  on :ha r lecess i ty  o f  g e t t i n g  ou t  the work, e i t h e r  
se rv ice  o r  products .  I n  con t ras t ,  the recent progress i n  p lann ing  
has been made a t  top manager leve ls  where the subject  mat te r  has 
been broadened t o  inc lude  purpose, s t ra tegy ,  market pene t ra t ion ,  
f inance, and s t a f f i n g .  Our s c i e n t i s t s  and t h e i r  managers were 
no d i f f e r e n t  than o ther  employees i n  t h i s  regard. I n  the m a t e r i a l  
t h a t  f o l l o w s  i t  w i l l  be observed t h a t  they l i k e w i s e  a re  concerned 
about work p lann ing .  
I t  was q u i t e  n a t u r a l  f o r  business managers t o  apply 
p lann ing  techniques t o  research a c t i v i t i e s .  This func t ion ,  
executed on the assumption o f  e f f i c i e n c y ,  was in t roduced i c t o  
the l a b o r a t o r i e s  when research became a  recognized business 
a c t i v i t y .  But r i g i d  schedules were found t o  be t o t a l l y  unaccept- 
ab le  t o  s c i e n t i s t s  because d iscovery and inven t ion  cou ld  not be 
# p lsnaed i n  the t r a d i t i o n a l  menner. Th is  c l e a r l y  was not  the way 
t c  manage research: bu t  ne i  t h e r  was the oppos i te  extreme. 
S c i e n t i s t s ,  i f  they l e t  go t h e i r  imaginat ion,  cou ld  dream o f  an 
environment i n  which they would be who l l y  w i thou t  r e s t r a i n t s .  
Indeed, s o c i e t y  could, and perhaps should, sus ta in  i n  anarchy 
:he b lessed few-who a re  p r o d u c t i v e l y  imaginat ive.  But f o r  the  
r e s t ,  and f o r  the unproven, managerial  processes a re  requ i red  
t h a t  wi 1 1  produce an envi ronment t h a t  i s  conducive t o  g e t t i n g  
the r e s u l t s  wanted. S c i e n t i s t s  w i l l  always need managers who 
are s e n s i t i v e , o n  the  one hand, t o  the c a p a b i l i t i e s  and p e r s o n a l i t y  
o f  each i n d i v i d u a l  and, on the  other ,  t o  the  achievement o f  
e n t e r p r i s e  o b j e c t i v e s .  
P a r t i c i p a t i o n  i n l l a n n i n q  
I n  the present study, the managers o f  research u n i t s  r e p o r t -  
ed, almost w i thou t  exception, t h a t  they encouraged t h e i r  sub- 
o rd ina tes  t o  p a r t i c i p a t e .  Thei r  subordinates repor ted  t h a t  
p a r t i c i p a t i o n  v a r i e d  from "complete" o r  " f u l  1 "  through "adequste" 
t,o "none a t  a l l . "  I t  i s  c l e a r  t h a t  p a r t i c i p a t i o n  i s  an inexact  
imp l ies  
term: as a  managerial  technique i t  merely / tha t  t o  a  greater 
o r  lssser  degree s c i e n t i s t s  are encouraged t o  become invo lved  
i n  p lann ing  research programs. Manaaers need a b e t t e r  guide rhan 
t h i s .  
One v a r i a b l e  i s  the environment t o  which the research lobor-  
a to ry  i s  exposed. Research o b j e c t i v e s  vary from a broad p u r s i l i t  
o f  knowledge t o  d iscover ies  needed t o  support the conpany proc'~:ct 
l i n e .  The iabora to ry  i s  smec imes ! ~ l i o l  l y  supported by cmpany 
funds: a t  o ther  times i t  i s  expected t o  p rov ide  much o f  ; t s  own 
i t s  se rv ices .  
support by s u c c c s ~ f u l i y  marKcting/ As a  consequence, the 
oppor tun i t y  f o r  s c i e n t i s t s  t o  p a r t i c i p a t e  i n  research p lann ing  
5r ra tegy.  
i s  c i rcumscr ibed by the c o n s t r a i n t s  OF budget, o t ~ e c t  iv.5, and, 
Wi th in  these parameters, however, the p o t e n t i a l  f o r  p a r t i c i p a t i o n  
i n  fo rmu la t ing  labor - to ry  research plans should be f u l l y  e x p l o i t -  
ed by wmagers on the sound p r i n c i p l e  t h e t  people do t h e i r  best 
when c a r r y i n g  ou t  t h e i  r  own r a t t i e r  than i m p ~ s e d  p loqs 
A second v a r i a b l e  i s  the c a p a b i l i t y  o f  the i n d i v i d u a l  
s c i e n t i s t .  Comonly, t h i s  term " s c i e n t i s t "  i s  loosely  used and 
c o r r e l a t e s  i n d i f f e r e n t l y  w i t h  c z p a b i l i t y .  i t  i s  a p p l i e d  t o  the  
untested recent u n i v e r s i t y  graduates and t o  the gif:ed,mature man. 
I t  fo l lows  t h a t  the manager wi IT permi t  the maximum freedom, w i t h -  
i n  environmental c o n s t r a i n t s ,  f o r  those s c i e n t i s t s  he t r u s t s  t o  
p l a n  and execute t h e i r  own research. On the o ther  hand, he w i l l  
c l o s e l y  guide and moni tor  the e f f o r t s  o f  s c i e n t i s t s  who have not  
yet  won h i s  e n t i r e  conf idence. 
While s c i e n t i s t s  a re  u n i v e r s a l l y  encouraged t o  p a r t i c i p a t e  
i n  labora to ry  p lann ing  they a re  p r i m a r i l y  concerned w i t h  t h e i r  
awn p r o j e c t s .  To t h i s  ex ten t  the re  i s  no quest ion bu t  t h a t  
f u l l  ~ a r t i c i p a t i o n  i s  genera l l y  p r a c t i c e d .  The u n i t  o r  s e c t i o n  
ranager i s  i n t i m a t e l y  concerned w i t h  the s c i e n t i s t ' s  a c t i v i t y  and 
he can he lp  i n  problem d e f i n i t i o n  and i n  e x p l o r i n g  va r ious  ap- 
t~ i t s  s o l u t i o n .  i n d i v i d u a l  p r o j e c t s  
proaches1 Thus, p lann ing  / i s  l a r g e l y  a cooperat ive p ro -  
cess. Agreement t o  go ahead then becomes a budgetary and a 
p r i o r i t y  mat te r .  
I n  large l a b o r a t o r i e s  the p a r t i c i p a t i o n  o f  i n d i v i d u a l  
s c i e n t i s t s  i n  developing the o v e r a l l  research program tends t o  B 
be l i m i t e d  because most s c i e n t i s t s  a r e  ma in ly  i n t e r e s t e d  i n  t h e i r  
own a c t i v i t i e s ,  and i n  those o f  co l leagues which impinge upon 
t h e i r  d i s c i p l i n a r y  areas. Those who become invo lved  i n  o v e r a l l  
l abora to ry  p lans have considerable in f luence  i n  shaping goals 
and p o l i c i e s  and- they  p r o f i t  by the understanding induced 
through b e t t e r  communication. 
Cormunication o f  Plans 
Managers i n  general have a c o n t i n u i n g  corrununication problem: 
research managers a re  no except ion.  Communication o f o b j e c t i v e s  and 
t o  achieve them 
the p lans /  invo lves  bo th  exp lana t ion  and understanding. The 
managers concerned i n  t h i s  study were c l e a r l y  d i s s a t i s f i e d  w i t h  
the degree t o  which t h e i r  subordinates r e a l l y  understood the  
1 u n i t  o r  department p lans.  The subordinates o f  those managers who 
were most c o n f i d e n t  o f  t h e i r  communications o f t e n  d isagreed w i t h  
t h e i r  superv isors,  On the o t l i e r  hand, sometimes the s c i e n t i s t s  
expressed a h i9 : ier  degree o f  unclcrstsnding than t i l e i  r own 
manegers f e l t  was achieved. Assessment o f  the  q u a l i t y  and ex- 
t e n t  o f  understanding i s  most d i f f i c u l t ,  perhaps impossible. i n  
any circumstance. Managers who are most consc ient ious i n  t h i s  
regard probably  tend t o  be the most s k e p t i c a l  o f  r e s u l t s .  Those 
man~gers  who a re  care less i n  c m u n i c a t i o n  may not t h i n k  ~t i s  
i r p o r t a n t  tha t  s c i e n t i s t s  ga in  a good understanding o f  plans 
and o b j e c t i v e s ,  or they may simply cssume tha t  understandinq i s  
achieved. 
1 5  i t  important tha t  i n d i v i d u a l  s c i e n t i s t s  understand the 
research programs o f  t h e i r  super io rs?  I t  depends upon the need 
fo r  i n t e g r a t i o n  o f  i n d i v i d u a l  p r o j e c t s  and the p o t e n t i a l  fo r  
u s e f u l  kncwledge gained by o ther  s c i e n t i s t s  i n  the groLp. I f  
thc re  i s  no danger o f  over lapping among p r o j e c t s  o f  the severa l  
s c i e n t i s t s ,  and i f  these p r o j e c t s  are so d i s t i n c t  chat the gains 
i n  knowledge r e s b l t i n g  from t h e i r  i n v e s t i g a t i o n  are u n l i k e l y  t o  
be use fu l  t o  col leagues w i t h i n  t h e  l a t o r e t o r y ,  thcn t h e  need f o r  
f u l l  understanding o f  o v e r a l l  p lans i s  minimized I n  t h i s  casz 
the communication problem i s  l a r g e l y  concerned w i t h  assur ing  the 
labora to ry  env i rovnen t .  
s c i e n t i s t  t h a t  h i s  p t r s o n a l  o b j c c t i v r s  can tc achieved w i t h i n  t h ? /  
To the  extent  tha t  the communicarion O F  proposed p lans i s  
p r a c t i c e d  the o r a l  technique i s  u n i v e r s a l l y  used. This  may occur 
i n  formal d iscuss ions between the manager and h i s  s c i e n t i s t s  i n  
s t a f f  meetings o r  seminars, o r  i t  may be in formal  on an i n d i v i d u a l  
b a s i s .  Only r a r e l y  are such techniques as mesoranda and b r i e f s  
used. The fo l low-up techniques used by managers t o  Further assure 
understanding o f  p lans and o b j e c t i v e s  tend t o  be much more formsl .  
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Oral  c o m u n i c a t i o n  i s  a  c o n t i n u i n g  process, on b o t h  an i n d i v i d u a l  
and group b a s i s .  Seminars devoted t o  data evaluat ion are com- 
m n :  so are w r i t t e n  p e r i o d i c  progress repor ts  and b r i e f s .  By 
these  means and sometimes as a  by-product o f  them, the manager 
aseesscs the q u a l i t y  o f  understanding o f  l abora to ry  p lans and 
makes c o r r e c t i o n s  o r  explanat ions as requ i red .  
Source o f  Research Ideas 
To i n q u i r e  i n t o  the source o f  research ideas may, a t  f i r s t  
glance, seem q u i t e  na ive.  S c i e n t i s t s  a re  quick t o  p o i n t  out tha t  
they produce these ideas, t h a t  i n  so doing they are fundamentally 
a f f e c t e d  by t h e i r  background, t r a i n i n g ,  knowledge, and c u r i o s i t y ,  
and t h a t  the i n s i g h t s  which occur as a  f l a s h  o f  genius may come 
i n  the most odd and u n l i k e l y  circumstances. There i s  l i t t l e  
B reason t o  d isagree w i t h  t h i s  view. To a considerable extent  i t  
"exp la ins "  the hypotheses which the g i  f t e d  few formu l a t e  and 
%asten t o  t e s t .  A l s o , t h i s  concept o f  the source o f  ideas i s  
o c c a s i o n a l l y  used by some s c i e n t i s t s  t o  e x p l a i n  t o  the  u n i n i t i a t -  
ed j u s t  why s c i e n t i s t s  cannot be managedi 
The problem here i s  not  so much the source o f  ideas but  
r a t h e r  whose ideas are researched. The ans- 
wer depends on the reason f o r  e s t a b l i s h i n g  the labora to ry .  I f  
i t  i s  t o  be supported by government con t rac ts ,  the subject  t o  
be researched may o r i g i n a t e  e i t h e r  w i t h  the s c i e n t i s t  who 
makes the formal u n s o l i c i t e d  proposal ,  w i t h  the research arm 
o f  a  government agency, o r  i t  may be a  compromise between them. 
I n  a  very broad sense a  "product l i n e "  i s  always invo lved  bu t  
1 t h i s  does no t  necessar i l y  impai r  the q u a l i t y  o f  research. 
I f  the  labora to ry  i s  supported by in-house funds a  s t rong  
"product l i n e "  o r i e n t a t i o n  may o r  may not be present .  I f  i t  i s ,  
the s c i e n t i s t s  a re  expected t o  research ideas o r  p r o j e c t s  l a r g e l y  
i n i t i a t e d  by the research d i r e c t o r  and h i s  subordinate managers 
and by the operat  ions managers who r e l y  on s c i e n t i s t s  f o r  con- 
s u l t a t i o n  and problem s o l v i n g .  I n  t h i s  s i t u a t i o n  the spectrum o f  
research i s  l i k e l y  t o  inc lude  l i t t l e  tha t  i s  bas ic  and much t h a t  
i s  developmental. 
On the o ther  hand, there are a  few labora to r ies  supported 
by in-house funds t h a t  a re  concerned s o l e l y  w i t h  bas ic  research. 
No product l i n e  i s  imp l ied .  Here t h e  s c i e n t i s t s  a re  who l l y  Free 
t o  iden f i?~~ tR:~ :u&n p r o j e c t s  An o r g a n i z a t i o n o f  t h i s  t y p e  
i s  f requen t l y  looked upon as a  s ta tus  symbol, but  ~ t  does have 
a  f r i n g e  va lue i n s o f a r  as i t s  ex is tence i s  o f t e n  a  s e l l i n g  p o i n t  
used by o p e r a t ~ n g  d i v i s i o n s  i n  t h e i r  search f o r  yoverrment con- 
t r a c t s ,  and i t s  s c i e n t i s t s  may have an ~ n t e r e s i  as consu l tan ts  
on some o f  the bas ic  problems o f  o ther  d i v i s i o n s .  
Laboratory rranagers are vc,ry c a r e f u l  t o  maximize the op- 
p o r t u n i t y  o f  s c i e n t i s t s  t o  exp lo re  tl iose events tha t  p i q u e  t h e i r  
personal c u r i o s i t y  on the sound p r i n c i p l e  t h a t  people a r e  more 
e f f e c t i v e  when doing what most i n t e r e s r s  them. Qn the  other  hand. 
s c i e n t i s t s  w i l l  choose t o  work i n  those labora to r ies  whose p a l i c i t s  
best s u i t  them. An a s s e r t i o n  t h a t  the & s c i e n t i s t s  work i n  
the  f r e e s t  environment because i t  i s  here tha t  they can resear ih  
t h e i r  own ideas cannot be proved. Even s c i e n t i s t s  are as 
l i k e l y  t o  p r e f e r  these circumstances. However, the l a t t e r  are 
u n l i k e l y  t o  be h i r e d  i n  the  f i r s t  p lace,  o r  r e t a i n e d  very long 
i n  any case. Thus, by s e l e c t i o n  and a t t r i t i o n  i t  i s  a t  least  
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an acceptable hypothesis  t h a t  the  best  men w i l l  tend t o  be 
found i n  l a b o r a t o r i e s  where u n r e s t r i c t e d  bas ic  research i s  
encourayed. 
The a c t u a l  d e c i s i o n  t o  undertake a s p e c i f i c  p r o j e c t  seems 
t o  be shrouded i n  considerable mystery. i t  was d i f f i c u l t  f o r  
the  s c i e n t i s t s  t o  respond. They were sure t h a t  i n  the  g rea t  
m a j o r i t y  o f  cases they themselves m d e  the dec is ion .  The i r  
imnediate superv isors,  however, were equa l l y  c e r t a i n  t h a t  they 
o r  the  labora to ry  d i r e c t o r  m d e  these dec is ions .  I t  would ap- 
pear t h a t  a  k i n d  o f  p o l i c y  e x i s t s  t o  approve p r o j e c t s  which f a l l  
under the  umbrel la  o f  company research o b j e c t i v e s  and which can 
be funded. Th is  p re -dec is ion  makes i t  appear t o  s c i e n t i s t s  t h a t  
they indeed a re  the dec is ion  makers: i t  would a l s o  e x p l a i n  
1 why t h e i r  managers do not  f e e l  t h a t  they have abdicated an 
important f u n c t i o n .  
Eva lua t ion  o f  Proposed Research A c t i v i t i e s  
S c i e n t i s t s  appear t o  evaluate t h e i r  own research proposals 
( o r  ideas f o r  research) by s i g n i f i c a n t l y  d i f f e r e n t  c r i t e r i a  than 
t h e i r  immediate superv isors t h i n k  they do. The l a t t e r  t h i n k  
s c i e n t i s t s  g i v e  equal weight t o  p rospec t i ve  company b e n e f i t  and 
t o  p o t e n t i a l  c o n t r i b u t i o n  t o  s c i e n t i f i c  knowledge. On the  o ther  
tend, s c i e n t i s t s  r a t e  p r o j e c t s  h i g h l y  i f  they consider  them 
p o t e n t i a l l y  chat lengi  ng, i f  they i n v o l v e  "good" science, and i f  
they have a personal  i n t e r e s t  i n  them. These c r i t e r i a  p o i n t  t o  
towards 
a s t rong  personal  o r i e n t a t i o n  / s c i e n t i f i c  a c t i v i t y .  
The above misapprehension on the p a r t  o f  the  managers o f  
s c i e n t i s t s  c o u l d  be ser ious.  I t  may cause poor communication 
w i t h i n  t h e  labora to ry ,  lead t o  inadequate m o t i v a t i o n a l  techniques, 
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and s e r i o u s l y  i n t e r f e r e  w i t h  a sound personnel appra isa l  pro-  
cedure. I t  p o i n t s  up how e a s i l y  a  manager can f a l l  i n t o  e r r o r  
when he assumes he knows what i n t e r e s t s  people i n  t h e i r  work. 
These managers evaluate the p r o j e c t e d  research o f  t h e i r  
subordinates i n  ve ry  understandable terms. They want t o  know 
whether the p r o j e c t  i s  t e c h n i c a l l y  sound, whether t h e i r  men 
have the a b i l i t y  t o  c a r r y  the p r o j e c t  through t o  a successfu l  
conclusion, whether i t  f i t s  i n  w i t h  the labora to ry  goals, and 
whether i t  can be funded. About h a l f  o f  t h e i r  subordinates 
t h i n k  the managers use company o r i e n t e d  c r i t e r i a  such as goals, 
-
funds, etc . ;  an i n t e r e s t i n g  few thought t h a t  superv isors used 
the  s c i e n t i s t s '  c r i t e r i a .  And an a larming number simply d i d  
not  know how t h e i r  super io rs  evaluated research p r o j e c t s .  
Why should s c i e n t i s t s  not  know the  c r i t e r i a  used by t h e i r  
super io rs  t o  evaluate research p r o j e c t s ?  There i s  a  c l e a r  f a i l -  
u r e  here t o  communicate downward. The reasons are unknown bu t  
one may con jec tu re  carelessness, an assumption t h a t  a  s c i e n t i s t  
does know, o r  does not  ca re  t o  know. Whatever they may be, the re  
i s  no quest ion o f  the  urgency r e s t i n g  upon managers t o  c o r r e c t  
t h i s  canmunicat ion d e f i c i e n c y  i n  t h e i r  opera t ions .  
Research P b  
I n  m s t  cases the  managers o f  r e s e ~ r c h  make annual p lans.  
This  i s  a format t h a t  i s  probably  fo rced  on them by company 
budgetary p r a c t i c e .  Funding i s  r e l a t e d  t o  the common annual 
budget. I f  t h i s  were no t  so i t  may be t h a t  va r ious  terms from 
a month t o  severa l  years would be associated w i t h  s p e c i f i c  pro-  
j e c t s  w i thou t  re ference t o  o r  i n t e g r a t i o n  w i t h  the  annual p lan.  
I n  some instances the annual p l a n  i s  concerned w i t h  research 
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programs running from two t o  f i v e  years. From t h e  manager's 
v iewpoint  i t  i s  d e s i r a b l e  t o  s t r i v e  f o r  long range p lanning.  I f  
o ther  p a r t s  o f  the e n t e r p r i s e  undertake p lann ing  o f  t h i s  nature,  
as i s  the usual p r a c t i c e ,  and i f  the  labora to ry  has a p a r t  i n  
c o n t r i b u t i n g  t o  the r e a l i z a t i o n  o f  e n t e r p r i s e  goals, i t  i s  c l e a r  
t h a t  the  best  i n t e r e s t s  o f  the  research labora to ry  would be 
served by a c a r e f u l  i n q u i r y  i n t o  i t s  needs f o r  resources over 
bo th  the shor t  and long run. Furthermore, the long range p lan-  
n i n g  frsmework prov ides important gu ide l ines  f o r  the approval o f  
shor t  range p r o j e c t s .  
I t  i s  not  imp l ied  here t h a t  research goals can be achieved 
i n  planned fashion. So much depends upon the s t r a t e g y  o f  the 
1 approach, the i n t e r p r e t a t i o n  o f  d i scover ies ,  and the s t a t e  o f  
the re levan t  a r t .  These v a r i a b l e s  r e q u i r e  constant reviews o f  
what has occurred t o  determine what has been learned, i t s  va lue  
t o  the goals sought, and whether the re  i s  a  s u f f i c i e n t l y  s t r o n g  
bas is  f o r  f u r t h e r  support.  On the  o ther  hand, g iven t ime and 
funds, s c i e n t i s t s  a re  o p t i m i s t i c  about goal accomplishment. 
Both managers and s c i e n t i s t s  agreed t h a t  adequate f l e x i -  
b i l i t y  was prov ided f o r  i n  research p lans.  They worked c l o s e l y  
together  i n  e v a l u a t i n g  b o t h  the obstac les encountered and the 
new knowledge acquired. On these bases agreement t o  modi fy  the  
p l a n  i n  an i n t e l l i g e n t  way was r a t h e r  automatic.  
Budgeting the  research p lans i s  h i g h l y  c e n t r a l i z e d ,  bu t  
budget a d m i n i s t r a t i o n  i s  decen t ra l i zed .  The s c i e n t i s t s  them- 
) 
se lves es t imate  the  cos t  o f  t h e i r  proposed p r o j e c t s .  These cos ts  
a re  reviewed by t h e i r  immediate super io r  who recommends h i s  budget 
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t o  the  department head and thence t o  the  labora to ry  d i r e c t o r .  
He, i n  t u r n ,  must defend h i s  proposed budget be fo re  t h e  corporate 
budget cornnit tee. At each stage i n  t h i s  upward f low proposed 
budgets a r e  mod i f ied  by n e g o t i a t i o n .  Upon the  u l t i m a t e  approval 
o f  t h e  co rpora te  research budget the re  i s  a  correspondent assign- 
ment o f  research funds t o  the bas ic  managerial  u n i t .  
MALOSUE OF THE SEMINARIANS 
DR. O'DONNELL: Do s c i e n t i s t s  want t o  be invo lved  i n  the 
p lann ing  o f  the o b j e c t i v e s  o f  the  laboratory ,  o r  I S  t h t s  too  
f a r  removed from them? 
DR. OSTERYOUNG: That i s  a  d i f f i c u l t  ques t ion  because i t  
seems t o  me t h a t  the mat te r  o f  r e s p o n s i b i l i t y  a r i s e s  here.  
Presumably the d i r e c t o r  o f  research r e a l l y  has the a u t h o r i t y  and 
t h e  r e s p o n s i b i l i t y  f o r  c e r t a i n  k inds  o f  func t ions .  
You have i n d i c a t e d  e a r l i e r  a  re luctance t o  get invo lved  i n  
the  s e l l i n g  aspect.  That i s  a  managerial  func t ion .  I t  seems t o  
me t h a t  the s c i e n t i s t  should get invo lved  bue he should recog- 
n i z e  the consequences. I n  o ther  words, i f  he wants t o  get  i n -  
volved, i t ' s  going t o  be t ime consuming. For example, how a re  
labora to ry  o b j e c t i v e s  supposed t o  r e l a t e  t o  the company, how 
should i t  operate, and so on? I t h i n k  genera l l y  he should be 
g iven the oppor tun i t y  t o  p a r t i c i p a t e  because I t h i n k  t h a t  he 
should have a chance t o  say t h a t  he doesn't  want t o .  But he 
ought t o  be made awsre o f  t h i s  problem. 
DR ALBERT WILSON: I  would agree w i t h  t h a t  statement. The 
g i v i n g  the  
o p p o r t u n i t y  t o  p a r t i c i p a t e  i s  very important,  even thobgh i n  / 
o p p o r t u n i t y  you maynot get  a  t o t a l  response t h a t  people.want t o  
p a r t i c i p a t e .  
I n  our  labora to ry  about o n e - t h i r d  o f  the  s c i e n t i s t s  a re  very 
concerned w i t h  p lann ing  labora to ry  o b j e c t i v e s .  About two- th i rds  
d o n ' t  want t o  be bothered, p r e f e r r i n g  t o  focus on t h e i r  own prob- 
lems. The percentages may vary  w ide ly  bu t  I t h i n k  you w i l l  
always f i n d  a s p l i t  reac t ion .  On the  o t h e r  hand, i f  the  oppor- 
t u n i t y  i s  not  given, the  f e l l o w  who wants t o  p a r t i c i p a t e  becomes 
f r u s t r e t e d  and i r r i t a t e d .  I n  e i t h e r  case, the  f e l l o w  who doesn ' t  
want t o  be bothered i s  f r e e  t o  s t i c k  w i t h  h i s  own problems. 
MR. WELTY: Are we t a l k i n g  about t e c h n i c a l  o b j e c t i v e s ?  
DR. O'DONNELL: Yes. 
DR. MUIR: I t h i n k  somebody mentioned the  p o l a r  extremes o f  
the laboratory :  the  i v o r y  tower w i t h  i t s  open-end research, and 
the  comnercial  "goody-box" bu i  i de r ,  t h e  ccmpany t h a t  bu i  Ids 
gadgets t o  s e l l  which have a h i g h  s c i e n t i f i c  con ten t .  I t h i n k  
the answer t o  t h i s  quest ion o f  t o  what ex ten t  s c i e n t i s t s  want t o  
p a r t i c i p a t e  i n  the format ion o f  l ebora to ry  o b j e c t i v e s  would be 
q u i t e  d i f f e r e n t  f o r  s c i e n t i s t s  i n  d i f f e r e n t  environments. 
DR. OIDONNELL: D i f f e r e n t  i n  what ways? Would you cont inue,  
A r t h u r ?  
DR. MUIR: Well ,  1 would suspect t h a t  i n  the  i v o r y  tower 
s i t u a t i o n  perhaps the  s c i e n t i s t s  would be less concerned w i t h  
the  p lann ing  o b j e c t i v e s  because these a re  much more open. The 
i v o r y  tower i s  descr ibed as a box. You p u t  s c i e n t i s t s  i n  and l e t  
them r a t t l e  around, and there  i s  no, "We have t h i s  deadl ine t o  
meet, and we must have t h a t  in format ion. ' '  They produce good 
science f o r  the  sake o f  good science o r  personal s a t i s f a c t i o n .  
On t h e  o t h e r  hand, s c i e n t i s t s  employed by t h e  goody-box company 
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might  be very 
ve ry  concerned w i t h  what t h e  o b j e c t i v e s  are.  I n  o ther  words, 
w i l l  t h i s  type o f  research lead t o  g ~ o d  prodact development: 
ill 1 1  I t  he lp  the company? 
DR. SALZER: I wonder how many l a b o r a t o r i e s  o r  research 
o rgan iza t ions  have c l e a r l y  de f ined  o b j e c t i v e s ?  
DR. DONNA WILSON: I want t o  respond t o  t h i s  ques t ion  o f  
"best" o b j e c t i v e s ,  hav ing go t ten  t e r r i b l y  invo lved  l a s t  year i n  
t r y i n g  t o  d e f i n e  o b j e c t i v e s  i n  a systems-type ana lys is .  This  
was very f r u s t r a t i n g .  
I n  the  i v o r y  tower I t h i n k  one cou ld  have a h igher  mental 
o b j e c t i v e ,  because you know you a re  doing science. I would say 
t h a t  i t  i s  not  p o s s i b l e  t o  make tha t  any more s p e c i f i c .  I  mean 
tha t  t h i s  gets  i n t o  a l l  k inds o f  c o n t r a d i c t i o n s  about what the 
s c i e n t i f i c  method i s  and so f o r t h .  
Now, t h a t  f o r  me c o u l d  s t i l l  be a w e l l  de f ined  o b j e c t i v e ,  
a l though i t  doesn't  seem t o  be as s p e c i f i c  a t  the lower l e v e l s  
o f  research. 
OR. SALZER: Yes, I agree tha t  the re  cou ld  be o b j e c t i v e s  i n  
each. Furthermore, I f e e l  t h a t  I don ' t  want t o  pu t  research on 
a business bas is ,  bu t  I  t h i n k  we should a t  l eas t  go through t h e  
exerc ise  as though i t  were, because i t  i s  wor th i t  i f  you d e f i n e  
o b j e c t i v e s .  Ob jec t i ves  might be de f ined  on a ve ry  long-range 
bas is .  1 w i l l  g i v e  you a ve ry  good example. I don ' t  t h i n k  we 
would have c o l o r  t e l e v i s i o n  today i f  Sarnof f  hadn ' t  said, "We 
a re  going t o  have a c o l o r - t e l e v i s i o n  tube developed." That i s  an 
o b j e c t i v e  bu t  i t  doesn ' t  mean t h a t  Joe Blow would have t o  do 
something o r  another .  I t  means many t h i n g s  and opens a l o t  o f  
p o s s i b i l i t i e s  f o r  s c i e n t i s t s .  But he es tab l i shed  an o b j e c t i v e ,  
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t o  s p e c i f y  the  o b j e c t i v e .  
I 
OR: LYON: Let  me suggest t h a t  I n  t h e  con tex t  o f  s c i e n t i f i c  
research i t  i s  improper t o  t a l k  o f  o b j e c t i v e s  beyond, say, t h a t  
you want t o  expand the  f r o n t i e r s  o f  knowledge. At  t h a t  p o i n t  a l l  
you r e a l l y  should t a l k  about i s  a c t i v i t y ,  not  o b j e c t i v e s  i n  areas 
i n  which you want t o  work. The o n l y  modulat ion on t h a t  t h a t  I 
can see i s  s e l e c t i n g  the  people t h a t  you want t o  work f o r  you. 
Beyond that ,  you c a n ' t  esk them t o  say what t h e i r  o b j e c t l v e s  are.  
I t h i n k  t h a t  i n  the  way the quest ion i s  asked here, " I n  what 
sense does the  s c i e n t i s t  went t o  p a r t i c i p a t e  i n  p lann ing  the ob- 
j e c t i v e s  o f  t h e  labora to ry?"  I would say t h a t  a l l  he i s  r e a l l y  
concerned about i s  h i s  be ing  sure t h a t  what he wants t o  do f a l l s  
w i t h i n  t h e  framework o f  what the  labora to ry  management people want 
t t o  have done. We have t o  be c a r e f u l  about o b j e c t i v e s  when we are 
t a l k i n g  about research. 
DR. OSTERYOUNG: U n i v e r s i t i e s  don ' t  want t h i s .  They go ou t  
and h i r e  people i n  t h e  chemist ry  department. They h i r e  an o r -  
ganic chemist, f o r  example, because they want somebody t o  do the  
work i n  a s p e c i f i c  area. They have a s p e c i f i c  o b j e c t i v e  here 
and they want somebody t o  work i n  a g iven  area. They d o n ' t ,  
genera l l y  speaking, wind up w i t h  j u s t  a  random assortment o f  
people. There r e a l l y  i s  some management. 
DR. SALZER: There a r e  two k inds  o f  p lann ing- - the  deduct ive 
and the  inductive. In b o t h  cases you have t o  e s t a b l i s h  o b j e c t i v e s .  
The k i n d  o f  argument here l e t s  the  s c i e n t i s t  work i n  whatever he 
wants t o  work. That i s  ve ry  good, b u t  you have t o  make use o f  
' h i s  discoveries even tua l l y :  t h e  process o f  making use o f  them 
miry be e r a t i o n a l i z a t i o n  o f  o b j e c t i v e s .  I c a l l  t h a t  i n d u c t i v e  
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p lann ing  i n  which you c r e a t e  va r ious  th ings  and t r y  t o  put  
them together  so they w i l l  amount t o  scmcthing. The o ther  i s  
deduct ive p lanning,  and a c l e a r  example wss the i n v e n t i o n  o f  the 
c o ? o r  t e l e v i s l m  tube.  You would do any th ing  t h a t  i s  needed t o  
deduce from ti~r;t o b j e c t i v e  whatever shouid be done. 
I f  you S T Y  the re  a re  no ob jec t i ves .  I t h i n k  you have not  
d i r e c t e d  research, and I don ' t  consider  t h a t  very vs lu6b le .  I 
c a n ' t  p i c t u r e  an i n d u s t r i a l  o r g a n i z a t i o n  t h a t  would t o l e r a t e  i t  
and underwr i te  i t  except w i t h  the  ~ e r ~ e - t  mntiuaLin~ that- i t.can 
S e a l  enough out  o f  what i s  accomplished to  make something out o f  
i t .  
DR. SILVERMAN: I have t o  agree w i t h  you. L e t ' s  face i t .  
I f  we a re  t a l k i n g  about i n d u s t r i a l  research, the company t h a t  you 
are work ing fo r  i s  i n  business t o  make money: and i f  i t  c a n ' t  
see a way t o  e x p l o i t  i t s  s c i e n t i s t s  i t  i s  not  going t o  have them. 
You c m ' t  e x p l o i t  an uns t ruc tu red  type o f  o rgan iza t ion .  One way 
t o  e x p l o i t  t h i s  th ing,  one way t o  set the  o b j e c t i v e s ,  o f  course, 
i s  not  t o  employ b i o s c i e n t i s t s  o r  b iochemists  i f  you a re  no t  
i n t e r e s t e d  i n  t h a t  f i e l d .  I f  you a re  i n t e r e s t e d  i n  developing 
b e t t e r  t r a n s i s t o r s ,  then you h i r e  people who are good s o l i d  
s t a t e  p h y s i c i s t s  and chemists, and you d o n ' t  h i r e  o ther  people; 
s o  i n  t h a t  respect you a r e  s e t t i n g  o b j e c t i v e s .  
I a l s o  f i n d  from my own experience t h a t  everybody i s  ve ry  
much concerned about t h e  o b j e c t i v e s .  I t h i n k  they a r e  concerned 
because they want t o  be sure t h a t  the o b j e c t i v e s  o f  theorgan i -  
z a t i o n  f i t  t h e i r  own personal des i res  and i n t e r e s t s .  They do 
want t o  be c l u e d  i n  on what the  o b j e c t i v e s  o f  the  o r g a n i z a t i o n  
are, where they a r e  going, how we expect t o  get  the re .  
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DR. SALZER: I once in te rv iewed a  man who showed me a  l i s t  
o f  h i s  patents .  They reached about two hundred a  year. That i s  
t h e  man t h a t  I t h i n k  can be u t t e r l y  wor th less i n  an o r g a n i z a t i o n  
because obv ious ly  he has no c r i t e r i a  o f  s e l e c t i o n  o r  o f  want ing 
t o  achieve anyth ing.  He i s  j u s t  a very  i n v e n t i v e  person. Now, 
you can use a  man l i k e  t h a t ,  bu t  you need about ten  people who 
can do something w i t h  these inven t ions  and combine them w i t h  
something e l s e  t o  c r e a t e  and achieve an o b j e c t i v e .  
DR. LYDN: I s t i l l  b e l i e v e  t h a t  the re  i s  a  need f o r  and 
even room i n  our commercial o rgan iza t ions  f o r  what we would c a l l  
und i rec ted  research. Th is  i s  a  gamble on the p a r t  o f  management. 
You c o u l d n ' t  do a l l  your research t h a t  way, c e r t a i n l y ,  bu t  I 
t h i n k  the re  i s  j u s t i f i c a t i o n  f o r  a l l o w i n g  some o f  your people t o  
1 dD t h i s  type o f  a c t i v i t y .  They a re  going t o  do some worthwhi le  
th ing t h a t  you can l a t e r  use i n  your p roduc t i ve  development. 
DR. SALZER: How are  you going t o  make use o f  t h a t  un less you 
moni tor  i t ?  
DR. LYON: You don ' t  moni tor  i t .  A f t e r  they produce s m e -  
t h i n g  o f  value, you then u t i l i z e  i t ;  you e x p l o i t .  
DR. SCHNEIDERMAN: There a r e  a  few th ings  which come t o  
mind concern ing o b j e c t i v e s  o f  the  laboratory :  f o r  whom and f o r .  
w h a t ?  One p o i n t  o f  view i s  t h a t  the o b j e c t i v e  o f  the labora to ry  
i s  t o  p r o v i d e  some f i n a n c i a l  r e t u r n  f o r  the  investment. Th is  
i s  the  c l a s s i c  one. The o ther  end o f  the  spectrum i s  t h a t  the 
o b j e c t i v e  o f  the  labora to ry  i s  t o  p rov ide  a  means f o r  pure o r  
und i rec ted  research. 
I I might  c a l l  t o  t h e  a t t e n t i o n  o f  the  gentlemen here who 
i n d i c a t e d  t h a t  no company p rov ides- - I  d o n ' t  remember the  exact 
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phrase- -so -ca l led  pure s c i e n t i f i c  research. I t  doesn ' t  have any 
cb jec t i ve .  I  submit t o  you t h a t  more en l igh tened  companies, o f  
which the Aerospace i n d u s t r y  i s  among the leas t ,  spend o r  permi t  
the expendi ture o f  considerable funds on t h e  s o - c a l l e d  pure 
research bas is :  Du Pont Company, The Stsndard O i l  Company, and 
k t ' s  say one o f  the pharniaceutical houses l i k e  Merck. Mow, you 
might say the re  i s  t r a c e a b i l i t y .  You can say t h a t  some p lace  
along the  l i n e  i f  a  man i s  doing t h e o r e t i c a l  study on adsorp t ion  
fbr, l e t ' s  say the Du O - n t  Cw,%w% t-b=~+ c=+ e*Ll *,!y+t - 4 w r b e n t  
*: . 
t o  a  company i n  the o i l  i n d u s t r y  f o r  the adsorp t ion  o f  a  p a r t -  
i c u l a r  compound. Inso fa r  as the  research man i n  the labora to ry  
i s  concerned, the  u l t i m a t e  o b j e c t i v e  i n  the  company's mind may 
te t o  t i e  h i s  r e s u l t s  t o  a  p r a c t i c a l  end. The s c i e n t i s t  pu ts  out  
a  paper i n  the Journal  o f  Chemical Physics tha t  had t o  do w i t h  
t h e  adsorp t ion  o f  something on some s o r t  o f  sur face.  Now,that i s  
the  type o f  research which i s  about as c l o s e  t o  the  u n i v e r s i t y ,  
h i g h l y  i n d i v i d u a l i s t i c  research, tha t  I know. 
On the o ther  end o f  i t ,  i s  the s o r t  o f  t h i n g  w i t h  which 
we are plagued i n  the Aerospace i n d u s t r y .  The Un i ted  States 
Government i n  many areas says " I f  you do i t  t h i s  way, the manager 
I 
gets money." 
I f  I want t o  say t h a t  somebody i s  supposed t o  do work i n  
i n f r a r e d  o r  u l t r a v i o l e t  spectrum, the person might  say, "What 
a re  we going t o  do w i t h  t h a t ? "  So you w r i t e  him a  l i t t l e  b l u r b  
t h a t  says, "Well, now, you know i f  you get  t h i s  you a re  going t o  
be ab le  t o  have a  b e t t e r  guidance system f o r  t r a c k i n g  s tars ,  and 
t h i s  w i l l  make us many many m i l l i o n s  i n  connect ion w i t h  our  
s a t e l l i t e  programs." 
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t o  be somewhat se lected.  
So I submit, s i r ,  t h a t  we should be t h i n k i n g  o f  p lann ing  
the  o b j e c t i v e s  o f  t h e  labora to ry  i n  the  sense o f  f o r  what and f o r  
whom, Cyr i  I. 
MR. WELTY: I would l i k e  t o  p o i n t  ou t  t h a t  a c t u a l l y  the re  
are two aspects t o  t h i s  p lanning.  One i s  c r e a t i n g  the  idea o r  
oppor tun i t y ,  and the o t h e r  i s  the  s e l e c t i v e  process. C e r t a i n l y  
the people a t  the lower p a r t s  o f  the o r g a n i z a t i o n  want t o  
c o n t r i b u t e  i n  a c t u a l l y  c r e a t i n g  the o p p o r t u n i t i e s ,  and the 
labora to ry  t h a t  does not use t h i s  c a p a b i l i t y  i s  going t o  be a t  a  
disadvantage. A i t u a l l y  I don ' t  t h i n k  the re  i s  any p r i o r i t y  w i t h -  
i n  the  h ie ra rchy  as f a r  as the a b i l i t y  t o  promote a  good idea i s  
concerned. I n  fac t ,  the l i k e l i h o o d  i s  tha t  you w i l l  get good 
ideas promoted a t  the lower end o f  the v e r t i c a l  o r g a n i z a t i o n  
D more than you wi 11 a t  the top.  
Now, the re  i s  a  s e l e c t i v e  process, and i t  seems t o  me t h a t  
i t  has t o  occur ma in ly  a t  the top.  Of course, the re  i s  a  good 
reason why you want your manager t o  know about what he i s  
managing, which means t h a t  he has t o  be f a i r l y  fami l i a r  w i t h  the 
technology t h a t  i s  going on. 
I  r e a l l y  cannot have the  people a t  the bottom o f  the  organi -  
z a t i o n  doing the s e l e c t i v e  process because they are a c t u a l l y  
p u t t i n g  i n  compet i t i ve  ideas. 
OR. O'OONNELL: The personnel on the  bottom o f  the  organiza-  
t i o n  p r i m a r i l y  a re  i n t e r e s t e d  i n  freedom t o  pursue t h e i r  own 
personal  research ob jec t i ves .  The labora to ry  prov ides t h i s  
freedom. I would guess t h a t  t h i s  would s a t i s f y  them. 
i MR. WELTY: That may s a t i s f y  them bu t  t h a t  i s  no t  a  ve ry  
e f f e c t i v e  t h i n g  t o  do. I t h i n k  t h a t  even the  random search has 
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I n  c e r t a i n  cases I don ' t  see any immediate use f o r  t h i s ,  
bu t  i t  looks as i f  i t  is opening up a  b i g  door where something 
might  happen. On the o ther  hand, any o r g a n i z a t i o n  t h a t  says, 
"I am going t o  t o l e r a t e  anybody t o  do whatever he wants" w i l l  
soon f i n d  a  l o t  o f  people doing t h i n g s  t h a t  a c t u a l l y  a r e n ' t  very 
product i .ve i n  general s c i e n t i f i c  i n fo rmat ion  o r  t o  t h e  product  
o f  the  company. So, the s e l e c t i v e  process has t o  go on. 
DR. O'DONNELL: I  would l i k e  t o  go hack t o  Dr. Wilson f o r  
a  moment. This o n e - t h i r d  o f  your s c i e n t i s t s - - d o  you know whether 
they a r e  i n t e r e s t e d  i n  labora to ry  o b j e c t i v e s ?  
DR. ALBERT WILSON: I t h i n k  one o f  the  p o i n t s  t h a t  was 
brought up was t h a t  one f e e l s  a  c e r t a i n  sense o f  s e c u r i t y  i f  he 
can loca te  h i s  own work i n  e f i r m  con tex t .  S c i e n t i s t s  get  a  
g rea te r  f e e l i n g  o f  s e c u r i t y  when what they a r e  doing i s  c e n t r a l  
t o  the  o b j e c t i v e  o f  the  labora to ry .  I n  t h i s  sense, everyone i s  
i n t e r e s t e d  i n  labora to ry  o b j e c t i v e s .  
MR. BOYKIN: Cyr i  I, you s t a t e d  r a t h e r  s u c c i n c t l y  i n  the  
r e p o r t  t h a t  people u s u a l l y  do a  b e t t e r  j o b  o f  c a r r y i n g  ou t  t h e i r  
own p lans  r a t h e r  than c a r r y i n g  ou t  p i a f ~ a  t h a t  a re  d i c t a t e d  from 
above. I t  would appear t h a t  i n s o f a r  as s c i e n t i s t s  a re  people, 
they would i n  t h e  long run  be happier i f  they f e l t  they had 
something to  do w i t h  determin ing the  course o f  action--maybe no t  
the  p r o f i t  o b j e c t i v e s  o f  the  company, b u t - - o f  the  labora to ry .  
 hopeful!^, somebody has de l inea ted  what the  labora to ry  genera l l y  
should do, and then i f  t h e  s c i e n t i s t s  formulate how the  labora- 
t o r y  should perform, they would p o t e n t i a l l y  be happier .  
DR. OSTERYOUNG: I f  the  s c i e n t i s t  i s  Invo lved  i n  the  p lanning,  
he gets  some f e e l i n g  f o r  the  goals o f  the  o rgan iza t ion .  I  wonder 
i f  t h e  problem i s n ' t  t h a t  the s c i e n t i s t  do ing basic  research, 
say, i n  Aerospace, doesn ' t  have B bas ic  sense o f  i n s e c u r i t y .  I f  
he can p a r t i c i p a t e  i n  the  p lann ing  o f  the  o r g a n i z a t i o n  which 
r e s u l t s  i n  a t  l eas t  some s t a t e d  goal,  he can get  some i n k l i n g  
o f  the  manegerls funct ions and how he i s  t r y i n g  t o  operate.  I 
t h i n k  h i s  sense o f  s e c u r i t y  i s  r e a l l y  i n  the uns tab le  s i t u a t i o n .  
and t h i s  i s  s o m ~ t h i n g  tha t  we have t o  recognize. I suspect t h a t  
the j u s t i f i c a t i o n  f o r  the ex is tence o f  a  labora to ry  r e a l l y  should 
concern the i n d i v i d u a l  s c i e n t i s t .  
DR. O'DONNELL: So the  p lann ing  process you would see as a  
k i n d  o f  c c m u n i c a t i v e  funct ion:  
OR. OSTERYOUNG: Yes. 
DR. SALZER: I t h i n k  we see one t h i n g  t h a t  seems t o  be devel- 
o p i n g  here, the f e e l i n g  t h a t  i f  you have o b j e c t i v e s  and p lans 
and d i r e c t i o n s  i n  research, then i t  cannot be bas ic  research. 
I  never meant t o  say t h a t .  
One way o f  running a  research o r g a n i z a t i o n  i s  t o  l e t  sc ien-  
t i s t s  d e f i n e  t h e i r  own personal o b j e c t i v e s .  That 's  a  very hea l thy  
t h i n g  i f  you can do i t .  I t  i s  d i f f i c u l t  because a  s c i e n t i s t  
i s  never r e a l l y  a b l e  t o  s t a t e  c l e a r l y  h i s  personal  o b j e c t i v e s .  
He i s  no t  t h a t  c l e a r  about them. The manager r e a l l y  has t o  
f e e l ,  not  l i s t e n  o n l y .  People come t o  me and say, "This  i s  the 
way I want t o  do it," and somehow I know i t  i s  not  e x a c t l y  so. 
I f  they a r e  i n t e r e s t e d  i n  c e r t a i n  m a t e r i a l s  problems, h i g h  
1 temperature problems o r  what have you--wel l ,  l e t  them do t h a t .  
But somebody has t o  worry  about how the  r e s u l t s  a re  used, i n  
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ach iev ing  the  o b j e c t i v e s  o f  a  b igger  u n i t  l i k e  a l abora to ry .  Th is  
i s  p a r t  o f  s c i e n t i f i c  management r e a l l y .  
a t t r i b u t e d  t o  Hees: 
DR. ALBERT WILSON: To paraphrase a  quo ta t ion /  Who a r e  
t h e  best people f o r  dec id ing  what a  s c i e n t i s t  does? The sc ien-  
h imse l f  
t i s t / i s  the  best person t o  decide h i s  own p r o j e c t s .  The 
second best  i s  the d i r e c t o r  o r  manager o f  research who i s  c l o s e s t  
t o  the s c i e n t i s t .  A f t e r  these you leave the realm o f  best  people. 
C-- A cornnit tee t o  decide what research i s  t o  be done i s  
wrong about 50 percent  o f  the t ime.  But worst o f  a l l  i s  a  c m -  
m i t t e e  o f  v i ce -p res iden ts .  They a re  wrong a  hundred percent o f  
the  t ime. 
OR. SALZER: I had a  p r o j e c t  go ing on f o r  years which o r i -  
g i n a l l y  s t a r t e d  ou t  t o  meet some o b j e c t i v e .  I 'n ,  not  going t o  
descr ibe i t  because I might  want t o  s e l l  i t  t o  you. I t  r e s u l t e d  
i n  some in te rmed ia te  r e s u l t s .  I t  was evaluated by a  customer, 
and i t  took th ree  years be fo re  somebody decided t o  f i n d  ou t  what 
was r i g h t  o r  wrong w i t h  i t .  That research program has been and 
s t i l l  i s  f l o p p i n g  around, because i t  c o u l d n ' t  f i n d  i t s  o b j e c t i v e  
I t  i s  an inven t ion  i n  search o f  an o b j e c t i v e .  
DR. SCHNEIDERMAN: You have got th ree  s i t u a t i o n s ,  C y r i l .  
One o f  them has t o  do w i t h  t h e  t h e o r e t i c a l  o r  pure research: the  
o ther  one i s  a p p l i e d  research; and the o ther  i s  t h i s  word " p r o j e c t , "  
and I have a  s t range f e e l i n g  t h a t  you and I have been on t h i s  
s t r e e t  corner  before.  
DR. OIDONNELL: I  t h i n k  t h a t  we have. 
DR. SCHNEIDERMAN: But I t h i n k  i t  i s  q u i t e  important r i g h t  
here and now. I n  t h e  broad sense, i f  i t  i s  a 
t h e o r e t i c a l  o r  pure research program, I t h i n k  t h a t  the  s c i e n t i s t  
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wants almost e x c l u s i v e l y  t o  fo rmu la te  and d i r e c t  h i s  own program. 
I t h i n k  t h a t  i s  what most o f  the  people here have been r e a l l y  
t a l k i n g  about. I t  i s  a  s o r t  o f  admixture and whether he l i k e s  
i t  o r  not  the d i r e c t o r  o f  research as a manager gets i n t o  i t  
s o r t  o f  ank le deep. Whet I c a l l  t h s  p r o j e c t  type o f  research 
r e a l l y  i s n l t  research; i t  i s  development, and by and la rge  you 
may wish t o  i n v e s t i g a t e  c e r t a i n  fundamentals regard ing i t .  
T h a t ' s  where I b e l i e v e  t h a t  the s c i e n t i s t  wants t o  p a r t i c i p a t e .  
That i s  when you get  t o  these weekly conferences i n  which the  
r e s u l t s  a r e  presented, and w i t h  the manager you t r y  t o  evaluate 
one o r  twa o f  t h e  next  f i f t y  a l t e r n a t i v e s  t h a t  you have ' to  f o l l o w .  
I n  the  p r o j e c t  type o f  research you w i l l  genera l l y  have t o  come 
ou t  w i t h  some k i n d  o f  d e f i n i t i v e  answer t h a t  w i l l  he lp  you gct  a  
b l a c k  box o r  a  widget o f  some k ind .  There i s  j u s t  a  l o t  o f  
I togetherness because management i s  b rea th ing  down your neck 
saying, "What a r e  you doing w i t h  my p r o j e c t ,  and when am I going 
t o  get the  r e s u l t s  so I  can get  t h i s  t h i n g  ou t  t h e  door?" 
Going back t o  the  i n i t i a l  p o i n t ,  the  t h e o r e t i c a l  pure 
research s c i e n t i s t  wants t o  p a r t i c i p a t e  almost e x c l u s i v e l y  and 
almost t o  the r e j e c t i o n  o f  the  i d e a s - - i f  he so d e s i r e s - - o f  the  
mnager  o r  d i r e c t o r  o f  reseerch. I t  i s  a  h i g h l y  i n d i v i d u a l i s t i c  
and s u b j e c t i v e  t h i n g .  " I t  i s  my research, and d o n ' t  you get  i n  
my way, Cyr i  I . "  
DR. GREEN: But t h e  s c i e n t i s t  should have a keen sense o f  
r e s p o n s i b i l i t y  i n  h i s  research t o  s e l e c t  and formulate the  
o b j e c t i v e s  o f  h i s  own research. I o f t e n  ask mysel f  i f  I ' m  
) c o n t r i b u t i n g  i n  any incremental way t o  t h e  understanding o f  the  
genera l l y  o p e r a t i v e  processes i n  na tu re  t h a t  can h e l p  t o  c r e a t e  
a system o r  perpetuate a system i n  t h e  i n d u s t r y  where I am 
employed. 
Secondly, am I  i n t e r a c t i n g ?  I f  I  am i n  indus t ry ,  am I i n t e r -  
a c t i n g  w i t h  the  d i v i s i o n s ,  w i t h  the more a p p l i e d  u n i t s  I n  t h e  
company? I f  I am i n  a u n i v e r s i t y ,  am I i n t e r a c t i n g  w i t h  o t h e r  
departments i n  f o r m u l a t i n g  my reseerch? I f  I am i n  government, 
am I i n t e r a c t i n g  by m o n i t o r i n g  c o n t r a c t s  w i t h  u n i v e r s i t i e s  o r  
w i t h  i n d u s t r y ?  
So i n t e r a c t i o n  by d i r e c t  o r  i n d i r e c t  means i s  an important,  
ve ry  important,  aspect o f  research a c t i v i t y  anywhere. From t h e  
s tandpoint  o f  ego, am I  c r e a t i n g  p r e s t i g e  For mysel f  o r  f o r  my 
i n s t i t u t i o n ?  Am I c r e a t i n g  o r  c o n t r i b u t i n g  t o - - i t ' s  an over-  
worked word--"image," and p u b l i c  r e l a t i o n s ?  These f a c t o r s  a re  
looked a t  by management. 
F i n a l l y ,  am I i n  danger O F  encapsulat ing mysel f  i n  my 
research? 
For example, the re  have been some a b o r t i v e  progravs by 
government o rgan iza t ions  on the  concen t ra t ion  o f  selenium by 
growing loco weed. This  i s  an encapsulat ing type o f  research, 
I t h i n k .  To recap, fac to rs  very germane t o  the  s c i e n t i s t  i n  
fo rmu la t ing  h i s  research p r o j e c t  should inc lude:  
( I )  u l t i m a t e  c r e a t i o n  o r  perpe tua t ion  o f  a  system o r  
product  ( i n  i n d u s t r y )  
( 2 )  o p p o r t u n i t y  f o r  i n t e r a c t i o n  w i t h  s c i e n t i s t s  i n  host  
and o u t s i d e  o rgan iza t ions  
( 3 )  avoidance o f  s e t t i n g  up a program o f  encapsulat ing 
research. 
THE MANAGEMENT OF PLANNING 
2 / On tttc, basis of what is know ebout the theory of planninq- 
and on the views of scientists and their managers who were 
involved in this study it is appropriate that certain guidelines 
be set down for those who are engaged in planning the activities 
of research laboratories. There is no lack of understanding of 
the logical process by which a plan of action is selected as the 
best means of achieving a known objective. This process is 
indeed the bread of life for scientists. There is, however, a 
great deal of misunderstanding about the operational aspects of 
planning. The issues involved in decisions about who should 
plan, what should be planned, the time spans of plans, the 
communication of plans, and the formality of plans are not part 
of the scientist's conception of planning despite the fact that 
he will have a positive, specific opinion about any of these 
aspects when he is asked to respond to a specific issue. Of 
course, one may well point out that such a defect in concep- 
tualizing the planning function is of little concern since the 
responsibility for planning lies with laboratory managers. But 
in reality, there is not, within the laboratory, such a clear-cut 
division of duties. Scientists in varying degrees want to have 
a hand in the development of various kinds of plans. So long as 
"See, for instance, Ewing, E. D . ,  Lonq-Rancie Plannins for 
&n3qcment, rev. ed., New York: Harper & Row, Publishers, Incor- 
porated, 1964; Root, L. E., "Development Planning for Managevent 
Decision," in 4~qanizinq for Effective Systems Plenninq aqd 
Control, Special Report No. 12, New York: American Management 
1 Association, 1956; Scott, 0 .  W., Lonq Ranqe Planninq in American Industr , New York: American Management Association, 1965; 
Steiner: G. A., TOD Manaqement Plannin , New York: The Macmillen 
Company, 1969; and ~ ' D o n n e l ~ t r a t e q y  of Coroorste 
Resoarch, San Franc~sco: Chandler Publishing Company, 1967. 
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this is the case it is much better to improve their perception 
of the planning process. 
Conceding the desire of scientists to participate in some 
of the laboratory planning in no way relieves the various managers 
within the laboratory of their total responsibility for the 
proper execution of planning. When, in addition, it is recalled 
that these managers are m s t  likely to have once been scientists 
in their own right, and thereby possessed the typical views of 
planning that scientists tend to have, there is clearly a need 
to increase the depth and breadth of their understanding of 
operational planning. 
Subiects of Planninq 
The matter of what to plan about is serious for all managers. 
They can be readily convinced of the theoretical case for plann- 
ing but when it comes to its execution there is need for a 
subject. What should be planned? There are certain guidelines 
that the laboratory managers might keep in mind. The first of 
these is that the purpose of the firm in creating the laboratory 
should be clearly understood by everyone in the enterprise. 
Purposes, of course, do vary. They may be extremely vague, such 
as to imitate competitors, to reflect prestige on the firm, or 
to serve as a symbol for capability. On the other hand, they 
may be quite specific, such as to provide a source of knowledge 
that can be used for the development of proprietary products and 
product lines, to provide consultant service to operating divi- 
sions, or to earn a profit f r ~ m  its own efforts. Whether the 
purpose be frivolous or profound, foolish or wise, emotional or 
rational, there is no question but that it becomes a premise for 
all future plans. It is for this reason that the particular 
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purpose should be ltnown and understood by everyone who may i n f l u -  
ence the  f u t u r e  o f  the  laboratory ;  and communication va r iance  
be ing  what i t  i s ,  i t  should be w r i t t e n  and publ ished.  
I t  should no t  be assumed t h a t  the purpose o f  a  labora to ry  i s  
f i x e d  through t ime. I t  i s  g e n e r a l l y  t r u e  t h a t  the  purpose f o r  
hav ing a  labora to ry  tends no t  t o  change i n  a t  l eas t  shor t  pe r iods  
o f  time, bu t  nevertheless, the  p o s s i b i l i t y  o f  changing purpose i s  
ever-present .  For instance, a  labora to ry  might have o r i g i n a l l y  
been es tab l i shed  as a  cen te r  o f  bas ic  research bu t  the  annual 
cos t  o f  i t s  support might  e v e n t u a l l y  fo rce  a  f i r m  t o  make i t  
se l f - suppor t ing .  Changing purpose i s  no t  something t h a t  occurs 
as a  complete break w i t h  the pas t .  This would be a  r a r e  t h i n g  
indeed. Most o f t e n  change occurs through a  b lend ing  o f  d u a l i t y ;  
i t  i s  achieved i n f o r m a l l y ;  and awareness o f  change i s  a  h a l t i n g  
process. For the labora to ry  d i r e c t o r  those processes come as no 
surp r i se .  He, above a l l ,  senses a  changing a t t i t u d e  on the  p a r t  
o f  h i s  peers and super io r ;  he i s  invo lved  i n  the d iscuss ions 
look ing  toward change; and he i n t e r p r e t s  top management dec is ions  
i n  t h i s  regard. Whether he be l ieves  i t  t o  be i n  the  best  
i n t e r e s t s  o f  the  labora to ry  t o  communicate the sense o f  change 
t o  h i s  subord inates r e f l e c t s  the  m a t u r i t y  o f  h i s  judgment. 
Obiect ives.  Although sometimes confused, the re  i s  a  c l e a r  
d i s t i n c t i o n  between labora to ry  purpose and o b j e c t i v e s .  The l a t t e r  
a re  se lec ted  i n  such a  way t h a t  t h e i r  r e a l i z a t i o n  w i l l  p a r t i a l l y  
o r  w h o l l y  d ischarge the  purpose o f  e s t a b l i s h i n g  t h e  labora to ry .  
Furthermore, the  na tu re  o f  t h e  purpose has a  profound e f f e c t  upon 
the  q u a l i t y  o f  s p e c i f i c i t y  w i t h  which o b j e c t i v e s  w i l l  be s ta ted .  
I f  the  purpose o f  t h e  labora to ry  i s  t o  make a  c o n t r i b u t i o n  t o  
knowledge i t  i s  c l e a r  t h a t  no o b j e c t i v e s  a t  a l l  w i l l  be estab- 
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l i shed .  I t s  s c i e n t i s t s  w i l l  s imply  be i n v i t e d  t o  engage i n  
research p r o j e c t s  o f  t h e i r  own choosing. To the  ex ten t  t h a t  
the re  a r e  l a b o r a t o r i e s  i n  ex is tence  f o r  the  achievement o f  t h i s  
purpose one would look f o r  them i n  a  u n i v e r s i t y ,  and o n l y  v e r y  
r a r e l y  i n  an i n d u s t r i a l  concern. On the  o ther  hand, i f  the  purpose 
o f  t h e  labora to ry  i s  t o  e s t a b l i s h  a  pa ten t  p o s i t i o n  which w i l l  
support a  p r o p r i e t a r y  product  l i n e  i t s  se lec ted  o b j e c t i v e s  w i l l  
be q u i t e  f i rm.  Some understanding there  w i l l  be concern ing t h e  
bas ic  m a t e r i a l s  o r  technology which wi l l support the  product  l i n e .  
Thus an o i l  company would hope t h a t  the  product  . l i ne  wauld emerge 
from pa ten ts  concern ing the  na tu re  and use o f  i t s  raw m a t e r i a l s  
o r  t h e i r  d e r i v a t i v e s .  i t  would be u n l i k e l y  t o  a n t i c i p a t e  a  
product  l i n e  t h a t  r e s t s  upon new knowledge r e l a t i n g  t o  s o l i d  
s t a t e  phys ics.  Once t h i s  mat te r  i s  decided i t  becomes a  premise 
f o r  the  f u r t h e r  ref inement o f  l abora to ry  o b j e c t i v e s .  The sources 
o f  ideas f o r  what t o  research are many. They inc lude  the  scien- 
t i s t  h imse l f  who wants t o  do good research i n  the  known general 
area, a  sa les o r  market ing type who wants a  m a t e r i a l  t o  meet a  
s p e c i f i c  need, the manufactur ing superintendent who needs an 
unknown l u b r i c a n t  t o  per form a  known func t ion ,  o r  customers whose 
need can be s a t i s f i e d  o n l y  by the  d iscovery o f  a  new element. 
These and numerous o t h e r  needs-to-know can be g iven  a  p r i o r i t y  
r a t i n g  a f t e r  cons ider ing  numerous f a c t o r s  such as market poten- 
t i a l ,  c o n t r i b u t i o n  t o  welfare, a v a i l a b i l i t y  o f  l abora to ry  resources, 
the  degree t o  which the  technology i s  beyond the  h o r i z o n  o f  
knowledge, t h e  presence, a b i l i t y  and i n t e r e s t  o f  s c i e n t i s t s  t o  
become concerned, and t h e  p o l i t i c s  o f  t h e  s i t u a t i o n ,  i .e .  how 
long can t h e  company o f f i c e r s  be expected t o  p rov ide  support 
be fo re  r e s u l t s  o f  a  u s e f u l  n a t u r e  a r e  ob ta ined?  Considerat ion o f  
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these and similar factors should put the director in a position 
to spell out more clearly the characteristics of the objectives. 
He will at least be able to say what the unknown must be eble to 
do and to identify some safety specifications. 
Derivative obiectives. At this point the laboratory director 
has made considerable progress towards the specification of objec- 
tives for the research program. Much of what he will now do 
depends upon the organization of the laboratory. If he is the 
sole manager, all his scientists will be reporting directly. In 
this situation what needs to be done is to assign as a project 
each objective to individual scientists or a group of his scien- 
tists. Cn the other hand, if the laboratory is large it will be 
divided into departments, and these in turn may be divided into 
sections and units. In these circumstances the director needs to 
1 decide whether one or more objectives shall be asslgned to indivi- 
dual department managers or whether a single objective should be 
accomplished through the identification of derivative objectives, 
each of which might be assigned to a different department manager. 
In either case, the department mnsger proceeds simi lar ly in 
assigning whole or derivative objectives to his section heads. 
In either case an objective as a whole or as a series of deriva- 
tive objectives becme projects when they reach the level of the 
scientist. 
Plans to Achieve Obiectives 
Important, nay indispensable, as it is to define the objec- 
tives of a laboratory no progress toward their achievement is 
likely to be made without the development of a series of complex, 
) interrelated plans. Among these is the work plan. With this the 
scientist and his manager are familiar. It involves a restatement 
of the objective in such a way that permits measurement, the 
consideration and selection of procedures, the tentative timing 
of phases, the resources required, and the development of a budget. 
Work plans are continuously reviewed, perhaps modified, or even 
replaced depending upon the progress made in a changing environ- 
ment. Scientists tend to live with their work plan with an 
intensity that often prevents them from realizing the need and 
existence of other plans. Too often this is also true of their 
managers as well andherein lies a potentially serious malfunction. 
It is the manager's responsibility to r e c o g n i 7 ~ - t h e - n ~ ~ d - a d - t o  
execute other plans equally supportive of objective achievement 
as is the work plan. Chief among these are policies, planned 
action to carry out the managerial functions, and plans to estab- 
lish and maintain a specific environment. 
Planninq for policy formulation. In the language of manage- 
ment, a policy is a guide to the thinking and action of enterprise 
employees. Once established and communicated it is respected by 
both managers and non-managers. In this respect it may be 
likened to constitutional law, arrived at with great care and 
seldom changed. As a guideline, a policy will set forth how 
organizational purposes will be achieved and, inferentially, how 
they may not be achieved. A policy does not require ection but 
when action is taken it must be within the four corners of policy. 
Furthermore, policies are not developed to cover all action 
contingencies. Rather, only the most important and most 
frequently encountered are likely to be settled through policy 
agreements. In this way, policies pre-decide many issues and 
thus tend to increase the conformity with which issues are 
settled. 
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A laboratory ,  l i k e  any o ther  o r g a n i z a t i o n a l  u n i t ,  may f i n d  
t h a t  i t  operates more e f f i c i e n t l y  and c o n s i s t e n t l y  i f  i t  adopts 
such p o l i c i e s  as t o  subcontract  work t h a t  requ i res  a  c a p a b i l i t y  
not  possessed, t o  employ o n l y  those s c i e n t i s t s  w i t h  an es tab l i shed  
repu ta t ion ,  t o  encourage non-d i rec ted  research, e tc .  I t  may be 
observed t h a t  s t a t i n g  p o l i c y  i n  t h i s  manner does n o t ' r e q u i r e  
a c t i o n  o f  anybody, i t  c e r t a i n l y  makes c l e a r  what a c t i o n  w i l l  be 
approved and what w i l l  no t ,  and i t  g ives a  cons is ten t  t h r u s t  t o  
the a c t i v i t i e s  o f  the o r g a n i z a t i o n a l  u n i t .  
The source o f  p o l i c y  i s  q u i t e  d iverse.  I t  msy be imposed 
on a  company o r  one o f  i t s  subord inate u n i t s  by an o u t s i d e  agency 
such as government, labor  union, p u b l i c  op in ion ;  i t  m y  r e f l e c t  
the o o e r a t i n g  phi losophy o f  the company founder o r  i t s  board o f  
d i r e c t o r s ,  o r  o f  the  manager i n  charge o f  the o r g a n i z a t i o n a l  u n i t ;  
3 i t  may der i ve  from requests f o r  a  p o l i c y  by subordinates who see 
i t  as a  p re -dec is ion  dev ice o r  as a  means o f  reducing some o f  the 
e f f e c t s  o f  u n l i m i t e d  compet i t i on  w i t h i n  the company o r  labora to ry .  
I n  a l l  cases i t  w i l l  be a  mat te r  o f  c a r e f u l  considerat ion,  
s t ra tegy ,  and t im ing .  P o l i c i e s  a re  l i k e l y  t o  remain a  iong t ime 
and they should no t  be h u r r i e d l y  adopted. 
Whether p o l i c y  should be w ide ly  communicated can be a  ve ry  
s e n s i t i v e  mat te r .  I n  some cases the e n t e r p r i s e  may f e e l  t h a t  
i t s  image i s  improved i f  i t s  p o l i c y  o f  pay ing compet i t i ve  wage 
rates,  o r  i t s  p o l i c y  o f  producing q u a l i t y  products  i s  w i d e l y  
known. On the  o ther  hand, t h e  o f f i c e r s  may no t  want t o  p u b l i c i z e  
a  p o l i c y  o f  producing products  t h a t  b a r e l y  meet the  lega l  requ i re -  
ments f o r  h e a l t h  and sa fe ty .  Therefore, i t  should no t  be s u r p r i s -  
1 i n g  t h a t  some p o l i c i e s  a r e  w r i t t e n  and broadcast w h i l e  o thers  
remain u n w r i t t e n  and known o n l y  t o  a  few. 
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The labora to ry  manager i s  faced w i t h  e x a c t l y  the  same prob- 
lems in  regard  t o  p o l i c y  format ion as i s  any o t h e r  manager. 
idornal ly  h i s  p o l i c i e s  should be cons is ten t  w i t h  those t h a t  cover 
the  e n t i r e  company. Also, l abora to ry  p o l i c i e s  w i l l  set  ou t  some 
o f  the  gu ide l ines  by which s c i e n t i s t s  w i l l  approach the  u n i t ' s  
purpose. To t h i s  ex ten t  con fo rmi ty  and coalescence o f  a c t i o n  w i l l  
r e s u l t  from those issues t h a t  a re  pre-decided by p o l i c y .  But 
the re  w i l l  be areas covered by unpub l i c i zed  p o l i c y ,  and many 
a c t i o n  areas where there  i s  no p o l i c y  g u i d e l i n e .  This  i s  by no 
means a  bad s i t u a t i o n ,  i t  r e f l ~ r t ~ ; l m n a r r p m e n t  dec is ion  t h a t  the 
t i m i n g  i s  no t  r i g h t ,  the s u p e r i o r i t y  o f  s t ra tegy  i s  not  demon- 
s t ra ted ,  o r  s u f f i c i e n t  i n fo rmat ion  concern ing neod and advantage 
i s  no t  a v a i l a b l e .  
P lanninq the execut ion o f  manaqerial  func t ions .  Laboratory 
manegers, whether they operate a t  the l e v e l  o f  superv isors,  
department head o r  d i  r e c t o r ,  must c a r r y  o u t  the managerial  func- 
t i o n s  o f  planning, organiz ing,  s t a f f i n g ,  d i r e c t i n g  and c o n t r o l l i n g .  
The e f f i c i e n c y  and e f fec t i veness  o f  t h e i r  e f f o r t s  w i l l  be 
enhanced i f  they cus tomar i l y  apply  the  l o g i c  o f  p lann ing  t o  
determine the bes t  means o f  ach iev ing  s p e c i f i c  o b j e c t i v e s .  
The o r g a n i z a t i o n  f u n c t i o n  i s  concerned w i t h  the  problem o f  
focuss ing the  e f f o r t s  o f  many upon the accomplishment o f  p a r t i -  
c u l a r  o b j e c t i v e s .  There a re  many a l t e r n a t i v e  ways t o  group 
people t o  t h i s  end. The a p p l i c a t i o n  o f  t h e  p lann ing  process t o  
t h i s  problem w i l l  enhance the  assurance o f  the  manager t h a t  the 
best bas is  f o r  grouping people has been se lected.  I t  i s  not  
imp l ied  t h a t  once se lec ted  the  type o f  o r g a n i z a t i o n  s t r u c t u r e  
should remain the  same. Any manager knows t h a t  he l i v e s  i n  a  
wor ld  o f  change; i f  he i s  a l e r t  he w i l l  re-examine t h e  bas is  o f  
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organization systematic~lly through time in order to msl<e sure 
that he always has the m s t  efficient structure. 
The managerls staffing function concerns the selection, 
training and evaluation of personnel. Certain aspects of these 
ectivities yield best to the logic of planning. For instance, 
the issues involved in deciding the quality of scientists to be 
recruited and in the selection of laboratory managers are very 
coniplex. Many alternatives are present in each case and they 
should be weighed with care. Similarly, the ultlmate selection 
of the most effective and timely training method and of the 
technique for evaluating performance is best accomplished throu~h 
the logic of planning. 
The direction of subordinates, both scientists and managers, 
is primarily concerned with their motivation. The enterprise as 
1 a whole does have good reason to plsn a motivation system, aqd 
whatever is the decision, its application to the laboratory 
becomes rather automatic. Scientists and their managers appre- 
ciate fringe benefits, salary levels and potentials, and company 
perquisites as well as anyone else. Internal to the laboratory 
there is every reason to question whether the logic of planning 
a motivation system will yield worthwhile results. It is quite 
probable that at this point, motivation becomes individual and 
personal, and there is little opportunity to generalize the 
system. 
The application of planning technique to the control functicn 
is very necessary if good results are prized. Control seeks the 
assurance that plans are being accomplished on schedule but it is 
) perfectly clear that achieving complete assurance is much too 
costly. Compromises must be made and these become premises in 
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the selection of the best mcans of knowing where the individual 
or department stands with respect to the execution of plans. 
Budgets are financial plans. As far as the individual 
scientist is concerned his budget is associated with his work 
plan. For managers at any level the budget Is the financial 
plan for operhting the laboratory, the department or the section 
and therefore is more conprehensive. Comparing budgetary expendi- 
tures with plenned output is a common and salutary management 
technique. But the type of cost control system that underlies 
the budget should be carefully planned for there are several 
alternatives and each has different levels of effectiveness, 
cost and visibility. 
Planninq the environment. The environment of a research 
laboratory is critical in its effect upon the staff. The concept 
itself is very complex. To some degree it is a resultant of 
location, climate, and facilities; to a critical extent it is a 
resultant of company philosophy with respect to sustaining the 
laboratory, the quality of laboratory managers, and interpersonal 
relationships. The laboratory director carries the responsi- 
bility for determining the quality and nature of the environment 
and for the planning necessary to achieve it. He will select 
his strategy in approaching the top managers of the enterprise 
for approval of laboratory purpose, objectives, and budget; he 
will carefully integrate his staffing and direction plans so that 
they will contribute to the desired environment; and he will 
establish controls that tell him the effect of change in the 
variables upon the environment. 
Execution of the Planninq Function 
Besides the question of what to plan about, the laboratory 
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manager is also concerned about the execution of planning. Just 
how this is done, and the degree of personnel involvement 
permitted, can ruin the planning process or assure its success. 
In each of these areas there are certain guidelines that labora- 
tory personnel may find useful. 
Formal plsnninq. A formal plan is reflected in a written 
and/or charted document. Such a process is costly and therefore 
should be applied only in those cases where numerous variables 
or factors must be accounted for and where execution of the plan 
requires considerable time. Thus, the formal plan is merely a 
recognition of our human frailty for keeping our attention 
focussed on many variables through time. Informal planning is 
used when one or other or both of these factors are absent, even 
though the decision to be reached may be especially significant 
to the success of the operation. For instance, a decision to ) 
establish a laboratory is not formally planned even though there 
may be notes or items for discussion jotted down in writing. 
Although there are many factors involved the time required to 
assess them can be very short. Similarly, there are other major 
decisions that are reached informally. The essential point for 
the laboratory manager to consider is when formal planning is 
preferable. 
The planninq period. Much has been written about the length 
of the planning period. Such descriptions as long and short 
range planning have entered the literature and have been adopted 
by managers as a required characteristic of a plan. In real 
terms the planning period for any objective is that time within 
which accomplishment is both desired and possible. No standard- ) 
ization in timing is desirabie even though the financial short 
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and long range plan may run for one and five years respectively. 
Laboratory plans can be fitted into this format whenever necessary 
by developing phases of a work plan whose objective is beyond 
achievement within a one year period. Thus: the laboratory 
manager should anticipate that his plans will have different dates 
for accomplishment, and may cover periods from a few months to 
several years. 
Effect of chenqe on plans. Those who plan assume that they 
are working with the best forecasts of future events and they 
proceed as i f  these will actually be realized, Nevertheless, 
planners are very conscious of the continuing effect of change 
and they provide for this in two ways. Plans are always con- 
ceived of as flexible to the extent that they can be and are 
modified in the future as real events disclose errors in fore- 
casts. This phenomenon is not so much a matter of changing the 
plan as it is one of allowing for navigational change in the plzn. 
On the other hand, unforeseen but quite cataclysmic events such 
as a war, a devastating earthquake, or a scientific break-through 
cen render a formal plan quite unworkable. In such circumstances 
a complete abandonment or redrawing of the plan may be required. 
The cost of procrastination in taking action as a result of the 
forces of chenge should not be endured even though the decision 
to replan is hard to make. Some changes can be readily assessed 
but there are others that are difficult to evalaste in terms of 
time and impact. The laboratory manager must be decisive even 
though he may be wrong. 
Personal involvement in planninq. The question of who shoilld 
plan cannot be answered in categorical fashion. It is perfectly 
clear that the laboratory director and his subordinate managers 
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are  p e r s o n a l l y  respons ib l?  f o r  p lanning.  They simply cantlot 
avo id  t h e  d ischarge o f  t h i s  func t ion .  They may n o t  p e r s o n a l l y  
engage i n  the development o f  proposed p lans bu t  they c e r t a i n l y  
must see t h e t  the  work i s  done and they must approve what i s  
f i n a l l y  acceptable. I n  o ther  words, they must see t h a t  t h e  
appropr ia te  subject  areas o f  p lann ing  a re  a c t u a l l y  covered by 
e i t h e r  formal o r  in fo rma l  p lans;  whether they persona l l y  accm-  
p l i s h  t h e  p lann ing  depends upon t h c  a v a i l a b i l i t y  o f  s t a f f  s k i l l s  
and the  p r o d u c t i v i t y  o f  p a r t i c i p a t i o n  by o thers .  
The s c i e n t i s t s  w i t h i n  the  labora to ry  w i l l  c e r t a i n l y  want t o  
develop t h e i r  own p lans f o r  accomplishing se lec ted  p r o j e c t s .  
Also, they w i l l  want t o  develop the f i n a n c i a l  budgets t o  support 
such p lans.  Those who lack experience, o f  course, may want he lp  
i n  these regards bu t  e v e n t u a l l y  they w i l l  want t o  assume n e a r l y  
) complete r e s p o n s i b i l i t y  f o r  these types o f  p lans.  I n  a d d i t i o n ,  
some s c i e n t i s t s  w i l l  want t o  p a r t i c i p a t e  i n  t h e  development o f  
p lans  which a re  the r e s p o n s i b i l i t y  o f  the  d i r e c t o r .  For instance, 
the  s e l e c t i o n  o f  p o l i c i e s ,  mat te rs  a f f e c t i n g  the labora to ry  
environment, the c o n s t i t u t i o n  o f  a  l i b r a r y ,  cooperat ion w i t h  
outs iders,  and sa fe ty  p lans  are mat te rs  i n  which the  ex is tence  
o f  the  o p p o r t u n i t y  t o  p a r t i c i p a t e  i s  v i t a l  t o  the success o f  t h e  
p lan.  Not a l l  s c i e n t i s t s  w i l l  want t o  p a r t i c i p a t e  i n  areas o f  
p l z n n i n g  t h a t  do not  d i r e c t l y  a f f e c t  t h e i r  own work, bu t  the  
p r i n c i p l e  o f  i n v i t i n g  t h e i r  p a r t i c i p a t i o n  should always be 
observed. 
CHAPTER I l l  
THE COMTROL OF RESEARCH 
Cont ro l  i s  the  management f u n c t i o n  o f  making c e r t a i n  t h a t  
e n t e r p r i s e  events conform t o  p lans .  The manager achieves 
c o n t r o l  by e s t s b l i s h i n g  standards, comparing performance w i t h  
standards and t a k i n g  c o r r e c t i v e  a c t i o n  as requ i red .  Planned 
a c t i o n  i s  the s tandard whether i t  i s  formal o r  in fo rma l ,  and 
planned a c t i o n  i s  what i s  c o n t r o l l e d .  No c o n t r o l  can be exerc ised  
unt  i 1 p lann ing  becomes d e r ~ n i  t ized.  
I n  the research labora to ry  the fundmenta l  p lann ing  docu- 
ment i s  the  work p lan.  The p r o j e c t s  a re  der i ved  from the  lab- 
o r a t o r y  o b j e c t i v e s  and a r e  o f t e n  d i v i d e d  i n t o  steps o r  phases. 
From these a re  developed subs id ia ry  p lans f o r  s t a f f i n g ,  equip-  
ment, space and budgets. These t o o l s  o f  the manager were not  
c l e a r l y  envisaged by the respondents t o  t h i s  i n q u i r y .  The p lans 
u s u a l l y  meant t h e  phys ica l  research p lans and the o ther  f a c t o r s  
were looked upon as c o n s t r a i n t s  t o  the  achievement o f  phys ica l  
r e s u l t s .  
Funct ional  A u t h o r i t y  Over Research 
Besides the  l i n e  a u t h o r i t y  w i t h i n  the  labora to ry  the  managers 
o f  o ther  o r g a n i z a t i o n a l  segments o f  the co rpora t ions  exerc ise  
va ry ing  degrees o f  c o n t r o l  over research a c t i v i t i e s .  Ch ie f  
among them, and f o r  obvious reasons,are themanagers o f  admini-  
s t r a t i o n  and o f  f inance.  The former i s  a  c o n s t r a i n i n g  i n f l u e n c e  
i n  the areas o f  wage and sa la ry ,  r e c r u i t i n g ,  and i n d u s t r i a l  r e l a -  
t i o n s .  The l a t t e r  i s  concerned w i t h  budgetary c o n t r o l .  
I n  general,  t h e  respondents were e i t h e r  unaware o r  u n c r i -  
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i n t e r e s t .  The s i g n i f i c a n c e  o f  the  r a t h e r  l a r g o  number o f  sc ien-  
t i s t s  and m-riagers who d i d  not answer th: quest ior ,  remains un- 
expla ined.  The o ther  p o i n t  i s  t h a t  n i n e  s c i e n t i s t s  thought the re  
was no chcckup a t  e l 1  b u t  t h e i r  managers c e r t a i n l y  d i d  not  asree 
w i t h  them. S c i e n t i s t s  seem t o  c h e r i s h  the  i d e a l  o f  complete 
freedom from superv is ion  and some o f  them may convince themselves 
t h a t  t h i s  i s  a c t u a l l y  the case. I n  these instances the r e i g n  
o f  c o n t r o l  i s  h e l d  l i g h t l y  indeed. 
Budgetary Con t ro l  
Budgets a re  b o t h  p lans and inst ruments f o r  c o n t r o l .  Ths 
most convenient way t o  budget a  research p l a n  i s  t o  use man-hours 
o r  man-months r a t h e r  than t o  conver t  these p h y s i c a l  est imates t o  
d o l l a r s .  This  device was repor ted  as being i n  use by a l l  the  
mnsgers  and by t h i r t y - s e v e n  o f  the s c i e n t i s t s .  However, one 
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l o t o r a t o r y  r e f l e c t e d  a d i f f e r e n t  p i c t u r e .  The manager and two 
o f  h i s  s c i e n t i s t s  agreed tha t  they budgeted i n  the approved way 
but s i x  o f  h i s  subord inates c la imed t h a t  t h e i r  p r o j e c t s  were not  
c o n t r o l l e d  by t h i s  rreans. 
Changes i n  the  Rcscarch Plen 
Another important c o n t r o l  over research i s  r e l a t e d  t o  
dec is ions i n v o l v i n g  a change i n  p lans .  As repor ted  by n ine  
managers and t w e n t y - f i v e  s c i e n t i s t s  the d e c i s i o n  t o  change 
emphasis o r  d i r e c t i o n  was made by the former. On the  o ther  hand, 
f i f t e e n  s c i e n t i s t s  c la imed they made t h i s  d e c i s i o n  bu t  o n l y  one 
o f  t h e i r  rnanogers agreed w i t h  them.fw0 l a b o r a t o r i e s  accounted 
f o r  seven o f  the  f i f t e e n  responses bu t  i n  each o f  them there  
i was one s c i e n t i s t  who s a i d  t h a t  h i s  manager made the  d e c i s i o n .  
7 7 
O f  course, i n  a l l  cases, the  s c i e n t i s t ' s  o p i n i o n  was sought.  
Because the d e c i s i o n  was genera l l y  made i n  consonance w i t h  such 
recomnendations the  researchers may t h i n k  t h a t  they r e a l l y  made 
t h e  dec is ion .  There i s  no d iscoun t ing  the  importance o f  these 
k inds o f  recornendations especially when i t  i s  r e c a l l e d  t h a t  
senior men a r e  r e a l l y  the  t e c h n i c a l  a u t h o r i t i e s  i n  the mat te r ,  
they a re  ve ry  scarce, and t h e i r  morale would be jeopard ized i f  
chey f e l t  rebu f fed .  But labora to ry  o b j e c t i v e s  and resources a re  
hard f a c t s  t h a t  the manager always has i n  mind. He s imply  must 
make the  d e c i s i o n  i f  these r e s t r a i n t s  a re  exceeded by the 
r e c m e n d a t i o n s  o f  h i s  subordinates. 
Decisions t o  extend the p r o j e c t  o r  t o  terminate i t  were 
seen i n  e r a c t l y  the  same l i g h t  as the dec is ion  t o  change d i r e c -  
t i o n .  There can be no except ion to  manegerial  a u t h o r i t y  i n  these 
respects  i n  organized e n t e r p r i s e .  Of course i t  should not  be 
assumed t h a t  the  s c i e n t i s t s  are stubborn i n  t h e i r  t e n a c i t y  t o  
r e t a i n  p r o j e c t s .  They o f t e n  want t o  get  on w i t h  something more 
p-omi,sing a f t e r  repeeted f a i l u r e s  o f  t h e i r  planned research, and 
are genera l l y  content  a t  the abandonment o f  p o t e n t i a l l y  unpro- 
b c t i v e  work. Thei r  views concern ing the  extens ion o f  a p r o j e c t  
depend upon circumstances. I f  they have a major i n t e r e s t  i n  the 
area and see a prospect f o r  h i g h l y  p roduc t i ve  work they n a t u r a l l y  
want t o  broaden the  f i e l d  o f  i n q u i r y .  This  i s  the  p o i n t  where the  
c o n s t r a i n t s  o f  l abora to ry  o b j e c t i v e s  and resources a re  most n o t i -  
ceably  i n  evidence. 
Eva lua t ion  o f  Comaleted P r o j e c t s  
I t  i s  good c o n t r o l  technique t o  compare the accomplished 
r e s u l t s  w i t h  what was o r i g i n a l l y  planned. At such a t ime  i t  i s  
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wor thwh i le  t o  look i n t o  planned end achieved o b j e c t i v e s ,  planned 
and ac tua l  costs ,  and planned and ac tua l  techniques. These a re  
a  ll important f a c t o r s  i n  e s t a b l i s h i n g  standards f o r  f u t u r e  
p lann ing  as w e l l  as f o r  eva lua t ing  the performance o f  t h e  
s c i e n t i s t .  
Th is  type o f  o v e r - a l l  eva lua t ion  was c a r r i e d  out  i n  s i x  
o f  the eleven r e p o r t i n g  labora to r ies  and was approved by 
eleven o f  fogr teen responding managers. Of the  s c i e n t i s t s  
twenty agreed t h a t  t h i s  was the common p r a c t i c e ,  t h i r t e e n  s a i d  
t h a t  on ly  an eva lua t ion  by phases was undertaken, and four d i d  
no t  know what occurreld. 
There was e s u r p r i s i n g  degree o f  disagreement about the 
p r a c t i c e  between managers and t h e i r  subordinates. O f  the e i g h t  
1 s c i e n t i s t s  r e p o r t i n g  t o  the th ree  managers who s a i d  they d i d  
no t  employ the p r a c t i c e  o f  completed p r o j e c t  review o n l y  th ree  
agreed w i t h  them. O f  f ou r  ranagers i n  th ree  labora to r ies ,  
th ree  subordinates agreed w i t h  them t h a t  the re  was such an eva l -  
u a t i o n  and seven s a i d  the re  vies not such a  p r a c t i c e .  Only i n  
t w o  l a b o r a t o r i e s  was there  f u l l  agreement between managers and 
t h e i r  subord inates t h a t  the re  was a  completed p r o j e c t  e v a l u a t i o n .  
The d i f f e r e n c e s  i n  the way managers and s c i e n t i s t s  look 
a t  the review process and subject  mat te r  a re  both s t r i k i n g  and 
understandable. The managers were i n t e r e s t e d  i n  rev iewing 
performance against  p lans.  The s c i e n t i s t s  were i n t e r e s t e d  i n  
a  review o f  t h e i r  r e p o r t s  and p u b l i c a t i o n s .  I n  bo th  cases the 
review technique was in fo rma l .  
1 The labora to ry  managers see the  rev iew as a  r e a l  c o n t r o l  device i 
p r o v i d i n g  them w i t h  important data on accomplishment, techniques, 
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cos ts  and the  a b i l i t i e s  o f  s c i e n t i s t s .  Several o f  them have 
c l e a r l y  not  seen f i t  t o  invo lve  t h e i r  men i n  t h i s  type o f  analy- 
s i s .  On the o ther  hand, most s c i e n t i s t s  do not  see t h i s  type o f  
review as a c o n t r o l  dev ice.  They a r e  c h i e f l y  i n t e r e s t e d  i n  t h e i r  
m n a g c r ' s  o p i n i o n  o f  t h e i r  viork and i n  the  p u b l i c a t i o n  p o t e n t i a l  
o f  t h e i r  c o n t r i b u t i o n s .  
Conclusion 
The great  m a j o r i t y  o f  s c i e n t i s t s  responding t o  t h i s  survey 
do not  ob jec t  t o  the  c o n t r o l  system es tab l i shed  f o r  the  opera t ion  
o f  t h e i r  l a b o r a t o r i e s .  On the  c o n t r a r y ,  they see the system as 
being h e l p f u l ,  o r  s t  least  needed fo r  opera t iona l  purposes i t  
i s  p a r t  o f  the environment i n  which they a re  very s a t i s f i e d  t o  
c a r r y  on t h e i r  research a c t i v i t i e s .  
There was a  m i n o r i t y  o f  s c i e n t i s t s  who s t r o n g l y  resented 
in te r fe rence  i n  t h e i r  work by "ou ts iders "  whether these inc luded 
other  company d i v i s i o n s  o r  government agencies These men may be 
young and inexperienced i n  organized e n t e r p r i s e ;  they may be the 
less successfu l  s c i e n t i s t s ;  o r  they may be v i c t i m s  o f  poor manage- 
ment I n  any case, i t  i s  these men who seem t o  c r e a t e  the  impres- 
s i o n  t h a t  s c i e n t i s t s  resent  the  c o n t r o l  systems imposed on 
l a b o r a t o r i e s .  The i r  vie,ws a re  not  supported by the  ou ts tand ing  
men i n  well-managed f i r m s .  I s  i t  not  t h a t  success cures the b i t e  
o f  f r u s t r a t i o n ?  
The managers c l e a r l y  understand t h e i r  c o n t r o l  f u n c t i o n  
They f e e l  a  heavy r e s p o n s i b i l i t y  t o  get  r e s u l t s  w i t h i n  the res-  
t r a i n t s  imposed by t h e i r  super io r  managers They u t i l i z e  sophis- 
t i c a t e d  c o n t r o l  techniques bu t  they do so i n  a  manner t h a t  i s  no t  
o f f e n s i v e  t o  s c i e n t i s t s .  Th is  r e s u l t  i s  achieved by i n v o l v i n g  
t h e i r  subordinates as l i t t l e  as p o s s i b l e  i n  t h e  c o n t r o l  process 
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$ OR. O'OOFllrlELL: I n  what sense does the s c i e n t i s t  wan: t o  
p a r t i c i p a t e  i n  c o n t r o l l i n g  t h e  course and c o n t i n u a t i o n  o f  the 
p r o j e c t ?  I t h i n k  the problem we ought t o  discuss i s  no t  s o l e l y  
h i s  des i res but  t o  what extent  can h i s  des i res be met by manage- 
ment. 
DR. LYON: Well ,  I t h i n k  c e r t a i n l y  the s c i e n t i s t  would 
want complete c o n t r o l  o f  the  course o f  the p r o j e c t .  I t  i s  a  
mat ter  o f  des i re .  As a  p r a c t i c a l  mat ter ,  i t  comes down t o  the 
quest ion o f  economics and p r o d u c t i v i t y  o f  the work i t s e l f ,  and 
eva lua t ion  by management as t o  whether i t  should cont inue.  
I t h i n k  i t  i s  about as sim?le es t h a t .  The s c i e n t i s t  would 
c e r t a i n l y  want t o  p a r t i c i p a t e  i n  i t  one hundred percent,  and I 
t h i n k  he should; bu t  he may no t  make the f i n a l  dec is ion  and 
1 probably  should not make tha t  f i n a l  d e c i s i o n  as t o  w h ~ t h e r  the 
p r o j e c t  i s  cont inued o r  not  beyond the research p o i n t .  
OR. O'DONNELL: You may have two p ropos i t i ons  here r e a l l y .  
One t h a t  I can v i s u a l i z e  i s  the  s i t u a t i o n  where the s c i e n t i s t  
would want t o  ma in ta in  c o n t r o l  and c o n t i n u i t y  o f  the p r o j e c t  
because he i s  ve ry  mtrch i n t e r e s t e d  i n  i t ,  and the  o ther  one i s  
where he hcs l o s t  i n t e r e s t  i n  the th ing ,  and he wants t o  c u t  i t  
o f f  long be fo re  management i s  w i l l i n g  t o  permi t  him t o  do so. 
DR. HAMERXASH: How many such cases do people know about 
here? 
DR. SALZER: I  know about such a  case. 
OR. HAHERMASH: I t  i s  v e r y  r a r e .  
1 ER. SALZER: Usua l l y  because he f e l l  i n  love w i t h  something 
e l s e  which i s  even b e t t e r  o r  d i f f e r e n t .  Mow he wants t o  do t h a t .  
OR. FRAhTZ: I n  the case o f  someone who was w ~ r k i n g  on a  
govcrnrnent c o n t r a c t .  he may have l o s t  i n t e r e s t  bu t  he i s  locked 
i n t o  i t .  
DR. HAMERMASH: You see, we keep m i x i n g  t h i s  up a l l  the  
t ime. kle hear from the i v o r y  tower and then we hear from the  
c o n t r a c t ,  and we begin t o  mix i t  up a l l  the  t ime. I am t a l k i n q  
&out some one who has been h i r e d  by the i v o r y  towzr .  tie p icked  
t h e  area and he loves i t .  He keeps p u b l i s h i n g  papers year a f t e r  
p a r .  That i s  an e n t i r e l y  d i f f e r e n t  s i t u a t i o n .  And t o  have h im 
ay, "Yes, I  am t i r e d  o f  i t ,  bu t  I ' m  not  go ing t o  t e l l  the bosses 
f o r  th ree  years." 03 YOU know o f  examples o f  t h a t  ? 
DR. SALZER: F rank ly  I never was i n t e r e s t e d  i n  the i v o r y  
tower operat ions so I  r e a l l y  c a n ' t  say. But I  know o f  a  case 
where a  man d i d  have a choice o f  going i n  one d i r e c t i o n  o r  the 
o ther ,  and he almost dropped the b a l l  c ~ m p l e t e l y  a l though i t  was 
Ids o r i g i n a l  i nven t ion  t h a t  was involved.  I n  fac t ,  he wrote h i s  
d o c t o r a l  t h e s i s  on t h i s  t o p i c .  I  had t o  b r i n g  i n  o thers  and l e t  
them s t e a l  h i s  p r o j e c t  because I  f e l t  i t  was va luab le  and I  
d i d n ' t  want t o  drop i t .  
Whether he wants t o  p a r t i c i p a t e  o r  not ,  he i s  go ing t o  
p a r t i c i p a t e .  You c w ' t  fo rce  a  man very  long t o  do something he 
d o e s n ' t  l i k e  t o  do b e c ~ u s e  you lose the  bas ic  m o t i v a t i o n  t h a t  
y o u  have t o  depend on i n  a l l  these opera t ions .  So, i f  you r e a l l y  
want t o  sw i tch  t o  a  d i f f e r e n t  area, sooner o r  l a t e r  you had b e t -  
t e r  l e t  the s c i e n t i s t  go o r  he w i l l  go anyhow. 
You might  persuade him o r  somehow get 'an understanding 
w i t h  him t h a t ,  "Well, l e t ' s  f i n i s h  t h i s  phase o f  t h e  p r o j e c t , "  o r  
something l i k e  t h a t ,  bu t  you c a n ' t  f o r c e  him t o  cont inue.  T h i s  
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i s  fundamental i n  the  management o f  s c i e n t i s t s .  You cannot fo rce  
him t o  t h i n k  one way o r  the o t h e r .  You have t o  l e t  him use h i s  
own m o t i v a t i o n  t o  a  great  e x t e n t .  
THE MANkGEHENT OF CONTROL 
The development o f  gu ide l ines  f o r  t h ~ s e  Ganasars who v b S t  
exerc ise  t h i s  f u n c t i o n  w i t h i n  research l a b o r a t o r i e s  i s  d i f f i c u l t  
because s c i e n t i s t s  seem t o  obscure the f u n c t i o n  w i t h  termino- 
l o g i c a l  p re jud ice .  They a re  not ,  o f  course. the o n l y  persons 
who are bet rayed by the language o f  management. This  s o c i a l  
science uses c o m n  terms such as "plan," " c o n t r o l , "  and " s t a f f "  
which have severa l  meanings i n  t h e i r  o r d i n a r y  usage t o  denote a 
s p e c i f i c  concept.  Management simply cannot be understood unless 
i t s  te rm ino log ica l  d e f i n i t i o n s  are understood. 
The term " c o n t r o l "  i s  most w ide ly  i n t e r p r e t e d  as a  c o n s t r a i n t  
on i n d i v i d u a l  freedom. There i s  good reason f o r  t h i s  i n t e r p r e t a -  
t i o n  f o r  i n  any soc ie ty  i t  i s  p e r f e c t l y  t r u e  thee such c o n s t r a i n t s  
a re  enforced. I n  our  own soc ie ty  we e s t a b l i s h  o f f i c i a l  c o n s t r a i n t s  
on personal  behavior and economic a c t i v i t y  a t  a minimum l e v e l  
wherein the  people may not  use t h e i r  freedom t o  impinge upon the 
s i m i l a r  freedoms o f  o thers .  I n  a d d i t i o n ,  the re  are many in fo rm?[  
c o n t r o l s  by p a r t i c u l a r  groups over the a c t i v i t i e s  o f  i n d i v i d u a l s .  
I f  t h i s  concept i s  c a r r i e d  i n t o  the  research labora to ry  i t  would 
mean t h a t  the freedom o f  employees would be cons t ra ined  t o  the  
ex ten t  t h a t  ( a )  the we l fa re  o f  the labora to ry  may be o':herwise 
adversely  a f fec ted ,  and ( b )  resources a r e  1 imi ted.  
I n  the  l i t e r a t u r e  o f  management these c o n s t r a i n t s  a re  taken 
f o r  granted and they become bas ic  bu t  s i l e n t  premises o f  a l l  
o rgan iza t io r ,  activity. The term " c o n t r o l "  loses n e a r l y  a l l  o f  
i t s  conno ta t ion  o f  c o n s t r a i n t  on freedom o f  a c t i o n  and ins tead  
i t  embraces the concept o f  m o n i t o r i n g  the  execut ion o f  p lans 
Thus, c o n t r o l  i s  seen as an e s s e n t i a l  f u n c t i o n  o f  the  manager. 
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Since p fons  a re  based upon Forecacts and j u d ~ m e n t s  about a com- 
p l e x  o f  circumstances snd s i r ~ c e  these a r e  subject  t o  e r r c r  i t  i s  
c m m n p l a c e  t o  observe t h a t  a c t u a l  events scarcely  ever ccnform 
t o  planned achievements. Under thase circumstances the  o b j e c t i v e  
o f  the  p l a n  i s  i n  jeopardy. The p lenn ing  a c t i v i t y  i t s e l f  becomes 
e n t i r e l y  useless unless i t  i s  p o s s i b l e  t o  " c o n t r o l "  i t s  execut ion 
Th is  i s  done by i d e n t i f y i n g  dev ia t ions  and c o r r e c t i n g  them 
.&hi l e  ho?efu! ly  the re  i s  yet  t ime t o  achieve the  o b j e c t i v e  as 
schedu!ed. W i t h i n  the research labora to ry  t h i s  concept o f  
c o n t r o l  i s  ve ry  w e l l  understood as i t  a p p l i e s  t o  work p lans and 
t o  budgets; i t  seems t o  be f o r g o t t e n  by s c i e n t i s t s  when "out -  
s ide rs "  speak o f  c o n t r o l  w i t h i n  the  labora to ry .  
The Fc~nc t ion  c f  Oocrat ion- . l  Contro l  
Every manager i s  deeply concerned about the c o n t r o l  process 
1 because t h i s  i s  h i s  o n l y  mecns o f  keeping i n f o r r e d  about the 
progress made toward the f u l f i l l m e n t  o f  h i s  o b j e c t i v e s .  Wi th 
t h i s  i n f o r m t i o n  he can f e e l  c o n f i d e n t  t h a t  he i s  i n  command o f  
h i s  opera t ion ;  w i thou t  i t  he i s  complete ly  b l i n d  t o  what i s  
happening. The in fo rmat ion  i t s e l f  may p leese him o r  d isp lease 
him. I n  the l a t t e r  case he a t  least  w i l l  know he i s  i n  t r o u b l e  
and i f  he has designed h i s  c o n t r o l  system p r o p e r l y  he w i l l  have 
t ime t o  get back on schedule. I f  he happens t o  be a  msnager i n  
a  r ~ s e a r c h  labora to ry  however, the assurance t h a t  he w i l l  get  
back on schedule w i l l  be l a c k i n g  b%cause we cannot ye t  achieve 
d iscovery on schedule. The most t h a t  the c o n t r o l  system can do 
f o r  him i n  t h i s  case i s  t o  show t h a t  he i s  i n  t r o u b l e .  
Guidel ines f o r  Operat ional  Contro l  
1 I n  o rder  t o  r e a l i z e  these important advantages o f  c o n t r o l  
the re  a r e  c e r t a i n  g u i d e l i n e s  which managers w i t h i n  t h e  labora to ry  
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may f i n d  p : ~ r t i c u l a i - l y  u s e f u l .  They a ro  der i ved  from considera-  
t i o n s  o f  theory and the p r a c t i c a l  views o f  the  s c i e n t i s t s  invo lved  
i n  t h i s  s tud / .  
Preocre plclcs to serve r s  C ~ P  s tand j rd .  Since we cannot 
-- 
c o n t r o l  events unless the re  a re  standards against  which ac tua l  
occurrcnces may be compared, and s ince the planned events must be 
arranged l o g i c a l l y  through t ime i n  order  t o  achieve a  des i red  
o b j e c t i v e ,  i t  i s  e s s e n t i a l  t h a t  the monager make c e r t o l n  t h a t  a l l  
p lans be c h ~ r a c t e r i z e d  by h igh  q u a l i t y .  Formal p lans wi l I be 
developcd i n  w r i t t e n  and char ted  form t o  cover the  achievement 
o f  s d i s t a n t  o b j e c t i v e  when a  complex set o f  v a r i a b l e s  i s  
involved,  t l a jo r  p h y s i c a l  events need t o  be i d e n t i f i e d ,  i n t e g r a t e d  
and prov ided w i t h  proper lead t imes; each o f  these needs t o  be 
f u r t h e r  broken dorrn by elements and t h e i r  expected accomp l i ;hm:?i~t 
scheduied. Nu long p e r i o d  o f  t ime For the achievement o f  a  task 
should Se scheduled w i thou t  some means c f  d e t e r m i n i ~ g  what has 
occurred w i t h i n  t h a t  p e r i o d  o f  t ime. When these steps have been 
observed rhe phys tca l  p l a n  i s  ready f o r  convers ion t o  a  f i n m c i a l  
p lan,  and bo th  then p rov ide  the s tzndard f o r  c o n t r o l .  
I t  i s  formal p lans o f  Lhe above type tha t  most people have 
i n  mind when they r e f e r  t o  the p lan f i i ng  process. And, indeed, 
i f  formal p lans a r e  a c t u z l l y  developed when circumstances o f  
t ime a r d  comple::ity demand they w i l l  normal ly  absorb o  very h igh  
percentzge o f  the t o t a l  work t o  be done i n  the  o r g a n i z a t i o n  u n i t .  
I f  t h i s  f i g u r e  i s  80% o r  so t h i s  means t h a t  the remaining work 
t ime w i l t  be devoted t o  accomplishing in formal  o b j e c t i v e s  f o r  
which the re  i s  no w r i t t e n  p l a n  o r  budget. The progress toward 
these o b j e c t i v e s  needs t o  be c o n t r o l l e d  a l s o  i f  the t ime i s  t o  
be used p r o d u c t i v e l y .  The standard i s  almost always merely the 
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accomplishment o f  the  objecti,. le; the re  i s  l i t t l e  need f o r  a t ten -  
t i o n  t o  progress toward the event because, by d e f i n i t i o n ,  the 
goal i s  cesr term and the v a r i a b l e s  a re  fe;r. 
Select  the s t r a t e q i c  p o i n t s  i o r  con-. The t h e o r e t i c a l  
-- 
concept o f  s t r a t e g i c  p o i n t  c o n t r o l  i s  r e a d i l y  comprehensible. 
I t  takes cognizance o f  the h igh  cos t  o f  ga ther ing  and r e p o r t i n g  
t o t a l  events as a  p l a n  i s  executed and suggests a  conipromi se be 
madc a long the scale o f  t o t a l  i n fo rmat ion  and no in fo rmat ion .  
The recommended p o i n t s  f o r  i n fo rmat ion  r e p o r t i n g  a re  s t r a t e g i c  
because i t  i s  a t  these p o i n t s  tha t  any needed c o r r e c t i v e  a c t i o n  
i s  l i k e l y  t o  be taken. 
The mcnager takes t h i s  concept and makes i t  o p e r a t i o n a l l y  
v i a b l e .  He kn3ws, f o r  instance, t h a t  eoch p l a n  i s  unique and 
t h e r e f o r e  must be examined i n d i v i d u a l l y .  The o n l y  g e n e r s l l y  
a p p l i c a b l e  p o i n t s  f o r  c o n t r o l  are s t a r t - u p  and complet ion. 
1 
Setween these extremes i t  i s  necessary t o  i d e n t i f y  s t r a t e g i c  
p o i n t s  where i n f o r m z t i o n  w i l l  be repor ted  our and made comparable 
w i t h  planned accomplishment up t o  t h a t  t ime.  I n  l o c a t i n g  these 
p o i ~ t s  the manager w i l l  keep i n  mind t h a t  bad news i s  m r e  
important t o  him then good news. O f  course i t  i s  comfor t ing  t o  
know t h a t  the execut ion o f  the  p l a n  i s  on t ime and w i t t ; i n  budget, 
bu t  i f  he cou ld  be sssured tha t  t h i s  happy event would always 
take p lace  he would not  accept the  cos t  o f  ga ther ing  such informs- 
t i o n .  I t  i s  because p lans tend t o  be o p t i m i s t i c  and unforeseen 
events u s u a l l y  h i v e  a  nega t i ve  e f f e c t  upon execut ion t h a t  accom- 
p l ishment  tcnds t o  be underrun and budgets exceeded. The manager 
i s  t y p i c a l l y  f i g h t i n g  t roub le ;  tie has a  need t o  know where i t  i s  
I and when he shculd take c o r r e c t i v e  ac t ion .  
I n  l o c a t i n g  s t r a t e g i c  p o i n t s  the re  e r e  no exact r u l e s .  A 
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Flow c h a r t  o f  scq1.13qtial and i n t e r r e l s t i v e  events i s  h i g h l y  
recommended as a  way o f  d e p i c t i n g  the t o t a l  set 01: e s s e n t i a l  
ac t ions  f o r  accomplishing a  task. Essed on h i s  exne!-ieqce, a  
manager w i l l  i d e n t i f y  those p o i n r s  where in fo rmat ion  w i l l  be 
repor ted.  I n  th"  s e l e c t i n g  process he w i l l  cons idzr  such mat te rs  
6s e s s e n t i a l  le3d t ime, sequent ia l  snd s imu~tsneouz events, 
r e p o r t i n g  p o i n t s  requ i red  by the customer, and p o i n t s  a t  which 
dev ia t ions  from p l a n  w i l l  t r i g g e r  c o r r e c t i v e  a c t i o q .  Cf course, 
the re  i s  e  c e r t a i n  amount o f  t r i a l  and e r r o r  invo lved  i n  s e l e c t -  
i n g  the r e p o r t i n g  p o i n t s .  I n  a  compl icated f low o f  e..@-tC : ?  i s  
almost c e r t a i n  t h a t  t r o u b l e  w i l l  occur a t  p o i n t s  where no r e p c r t -  
i n g  has been requi red;  i t  i s  equa l l y  c e r t a i n  t h s t  some p o i n t s  
r c l e c t e d  fsr r e p o r t i n g  r e f l e c t  on ly  small  and unimportant devia- 
:ions which do cot  t r i g g e r  a c t i o n .  The manager makes the ind ica ted  
c o r r e c t i c n s  o f  these e r r o r s  2s they are revealed w i t h  the execu- 
t i o n  o f  the  p lan .  
Compare zc tua !  wi:h planned r p s u l t s .  There a re  many circum- 
- 
stances i n  which t h i s  g u i d ~  f o r  c o n t r o l  i s  s t r a i g l l t f o r w e r d  and 
CncoTpssses no d i f f i c u l t i e s .  I f  orme hzs planned t o  have a  o iece 
o f  equipment i n  p lace s t  a  s p e c i f i c  t ime i t  i s  easy t o  determine 
t h a t  the event h:s a c t u s l l y  been accomolished. I n  the work p lans 
o f  our s c i e n t i s t s  the mat te r  i s  not  so e35y. This i s  e s p e c i a l l y  
t r u e  when one i s  t r y i n g  t o  determine the  congruence o f  percentage 
o f  work c6rnp:sted and o f  moneys spent; some phases o f  a  p r o j e c t  
: ~ i e l d  s low ly  and g rudg ing ly  w h i l e  o thers  f l ow w i t h  ease. 
S i m i l a r l y ,  r~~anagers have t r o u b l e  i n  c o m p ~ r i n g  ac tua l  t o  planned 
progress i n  r e c r u i t i n g ,  morale b u i i d i n g ,  custom equipment design, 
and p lans t o  accomplish o t h e r  t y p i c a l  o b j e c t i v e s .  
Another problem a r i s e s  i n  making comparisons o f  a c t u a l  and 
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system. O f  course, when a  labora to ry  p r o j e c t  i s  one o f  a  k i n d  
the re  i s  l i t t l e  o p p c r t u n i t y  f o r  rev iewing the  con?ro l  o f  planned 
a c t i o n .  But f o r  many,types o f  major p lans  th :s  i s  not the case. 
Plans f o r  c a p i t a l  a c q u i s i t i o n s ,  f o r  r e c r u i t i n g  s t n f f ,  ma in ta in ing  
morale 2nd the expendi ture o f  money a re  r e p e t i t i v e .  This  circum- 
stance prov ides the occasion f o r  rev iewing the efFect iveness o f  
h i s t o r i c a l  c o n t r o l  t o  determine j u s t  what a re  the s t r a t e g i c  
po in ts ,  j u s t  what lead times a re  e s s e n t i a l ,  whether personal 
r e s p o n s i b i l i t y  f o r  r e s u l t s  i s  be ing measured, and t o  reassure 
each manager tha t  h i s  system r e a l l y  keeps him i n  comand o f  h i s  
shop. Experience teaches us t h a t  reviews o f  t h i s  type on an 
annual bas is  o f t e n  r e s u l t s  i n  s i m p l i f y i n g  thc c o n t r o l  system, 
thus making i t  bo th  nore e f f e c t i v e  and more e f f i c i e n t .  
Aop l i ca t ions  o f  the  c o n t r o l  process. The execut ion o f  the 
c o n t r o l  f u n c t i o n  w i t h i n  the labora to ry  requ i res  a  keen s e n s i t i -  
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v i t y  t o  the needs o f  subordinates. For instance, i t  i s  p a r t i c u -  
l a r l y  annoying when the  manager prov ides no s h i e l d  f o r  h i s  s t a f f  
from o u t s i d e  in te r fe rence .  There are many people i n  o t h e r  
departments and d i v i s i o n s  w i t h i n  the company who may have a  keen 
i n t e r e s t  i n  the progress o f  d iscovery i n  some p r o j e c t s .  They 
loo!< a t  the mat te r  from t h e i r  personal v iewpo in t .  The m?rlufac- 
t u r e r  may be w a i t i n g  f o r  a  b e t t e r  m a t e r i a l ,  the c o n t r o l l e r  may be 
wor r ied  about budgetary excesses, and a d m i n i s t r a t i o n  may be 
wondering i f  the labor  laws a re  being p r o p e r l y  observed. Even 
ou ts iders ,  e s p e c i a l l y  the customer, may want a  d i r e c t  l i n e  t o  
the researcher. Whatever i s  the  case, i t  i s  c l e a r l y  the f u n c t i o n  
o f  the manager t o  s h i e l d  h i s  s c i e n t i s t s  from as much o f  t h i s  
I f r u s t r a t i n g  i n q u i r y  as poss ib le .  I f  he i s  a  f u l l - t i m e  manager 
i t  i s  probable t h a t  he w i l l  hsve b e t t e r  success because he can 
g i v e  the mat te r  adequate a t t e n t i o n .  
Plans i o r  accomplishing labora to ry  p r o j e c t s  Ere c o n t r o l l e d ,  
o f  necess i ty ,  but  the  manner o f  t h e i r  c o n t r o l  may v s r y  w i d e l y .  
The senior  s c i e n t i s t  stands i n  l i t t l e  o r  no need f o r  s u r v e i l l a n c e - -  
maybe j u s t  sore F r iend ly  shoulder t o  c r y  on. At tne o ther  extrem? 
i t  i s  c l e a r l y  appropr ia te  t o  review progress w i t h  the inexperienced 
a t  frequent i n t e r v a l s .  These people need and u s u a l l y  want c lose  
a t t e n t i o n  f3 r  d i scuss ing  technique, procedures, the mein ing o f  
r e s u l t s ,  and the need t o  know t h e i r  e f f o r t s  are apprec iated.  The 
t im ing ,  the  review o f  p lans and c o n t r o l s ,  and the means o f  doiqg 
so are the dec is ions o f  the manager. I f  he i s  t o  be e f f e c t i v e  he 
w i l l  safeggard the i n t e r e s t s  o f  the labora to ry  w h i l e  a t  the s i ' m e  
t imc the needs o f  h i s  s c i e n t i s t s  w i l l  be met. wieh an appropr ia te  
m ix tu re  o f  unobstusion, support, i n t e r e s t ,  advice and counse!, 
and the use o f  t ime-sav ing techniques. 
CHAPTER I V  
ORGANIZATIOV OF R E S E A R C H  ACTIVITY 
O r g a n i z a t i o n  as a  process beg ins  when t h e  manager i d e n t i -  
f i e s  t h e  a c t i v i t i e s  whose e x e c u t i o n  i s  e s s e n t i a l  i f  t h e  s p e c i f i c  
o b j e c t i v e s  o f  t h e  group a r e  t o  be ach ieved,  He c l a s s i f i e s  these 
a c t i v i t i e s  i n  some r a t i o n a l  way t h a t  c o n t r i b u t e s  t o  e f f i c i e n c y ,  
p l a c e s  someone i n  cha rge  o f  t h e  grouped a c t i v i t i e s ,  and d e f i n e s  
the au tho r  i t y  r e l a t i o n s h i p s  wh i ch  wi l l r e  l a t e  each group t o  eve ry  
o t h e r  one i n  t h e  t o t a l  e n t e r p r i s e .  On ly  i n  t h i s  way can orqaniz<;< 
e f f o r t  be a c c m p l i s h e d ,  and t h i s ,  i n  i t s e l f ,  i s  d e s i r e d  s o l e l y  
because i t  i s  cons ide red  t o  be t h e  most e f f i c i e n t  way t o  accom- 
p l i s h  o b j e c t i v e s  when t w o  o r  wore peop le  a r e  i n v o l v e d .  I f  
! 
e f f i c i e n c y  i s  no o b j e c t ,  managers need n o t ,  and q u i t e  l i k e l y  w i l l  
n o t ,  adhere t o  t h e  o r g a n i z a t i o n  p rocess .  
The es tab l i shmen t  o f  a  f o rma l  o r g a n i z a t i o n  s t r u c t u r e  i s  
o b v i o u s l y  no t  an end i n  i t s e l f .  i L l t  is, t h e  d e v i c e  o r  t o o l  by  
wh ich  group e f f o r t  can be focbssed up,oo t h e  r e a l i z a t i o n  o f  
o b j e c t i v e s .  There  a r e  many ways t o  s t r u c t u r e  o rgan i zed  e f f o r t ,  
each h a v i n g  i t s  own e f f i c i e n c y  q u o t i e n t  I t  i s  t h e  r e s p o n s i b i l i t y  
o f  t h e  manager t o  choose t h e  bes t  way a t  a  g i v e n  moment, in t t m e .  
" -:I> 2 
T h i s  requ i rement  a p p l i e s  e q u a l l y  t o  a l l  managers, i n c l u d i n g  t h e  
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managers o f  r esea rch  a c t i v i t y .  The o r g a n i z a t i o n a l  p rocess can  
< *>?& % ,- 
and does a f f e c t  t h e  p r o d u c t i v i t y  o f  s c i e n t i s t s :  t h e  manager 
.-2 I , "." 
s h o u l d  s t r i v e  t o  maximize i t s  p o s i t i v e  i n f l u e n c e .  
S c i e n t i f i c  O r i e n t a t i o n  o f  Research L a b o r a t o r i e s  
j I t  i s  q u i t e  p r o b a b l e  t h a t  t o o  much emphasis i s  p l a c e d  upon 
d i s t i n c t i o n s  between p roduc t  o r i e n t e d  resea rch  l a b o r a t o r i e s  
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and those devo ted  s o l e l y  t o  t h e  advancement o f  s c i e n c e .  The 
whole  debate i s  r e m i n i s c e n t  s f  t h e  i d l e  c h a t t e r  on u n i v e r s i t y  
campuses about t h e  v o c a t i o n a l  o r i e n t a t i o n  o f  bus iness  schoo l s  
w d  t h e  " p u r e l y "  i n t e l l e c t u a l  o r i e n t a t i o n  o f  l i b e r a l  a r t s  
schoo l s .  The graduates  o f  b o t h  w i l l ,  i n  ou r  t i m e  we hope, have 
t o  e a r n  a l i v i n g  and they  w i l l  use t h e i r  u n i v e r s i r y  t r a i n i n g  
t o  t h i s  end. Those persons who f e e l  t h a t  p roduc t  o r i e n t e d  
resea rch  i s  t a i n t e d  a r e  o f t e n  unsb le  t o  see t h a t  "pure"  resea rch  
achievements a r e  a l s o  o f t e n  t u r n e d  t o  economic.uses by someone 
e l s e .  The s o l e  d i f f e r e n c e  i n  concept  between p roduc t  o r i c n t c d  
and p u r e  resea rch  l i e s  i n  t he  degree o f  remoteness between the  
s c i e n t i s t  and t h ~  i> roduc t .  Goad sc ience  can c o n c e i v a b l y  be 
under taken i n  e i t h e r  o r g a n i z a t i o n  b u t  t h e  l i k e l i h o o d  o f  i t s  
cmergenie i n  p roduc t  o r i e n t e d  l a b o r a t o r i e s  can b, q u i t e  l a w .  
I t  i s  impo r tan t  to keep i n  mind, *,men t r y i n g  t o  unde rs tand  
t h e  p o s i t i o n s  t aken  by  t h e  s c i e n t i s t s  i n v o l v e d  i n  t h i s  survey, 
t h a t  some o f  t h e  l a b o r a t o r i e s  were p roduc t  o r i e n t e d  t o  a  c o n s i -  
d e r a b l e  e x t e n t  and t h a t  f o u r  o f  thew were m a i n l y  d e v o t ~ d  t o  t h e  
d i s c o v e r y  o f  knowledge. Thcre  a r e  always v a r i o u s  degrees i n  
wh ich  resea rch  i s  p roduc t  o r i e n t e d .  From an c r g a n i z a t i c n a l  
p o i n t  o f  v i ew  t h e r e  a r e  c o n s i d e r a b l e  d i f f e r e n c e s  i n  managing a  
l a b o r a t o r y  compr ised o f  150 employees and o f  rranaging one w i t h  
l ess  t han  t e n .  For r ,a l  techn iques are ,  as a p r a c t i c a l  m a t t e r ,  
a p p l i e d  i n  t h e  l a r g e  l e b o r a t o r y  whi l e  a  r a t h e r  i n f o r m a l  s t r u c t u r e  
i s  more e f f e c t i v e  i n  t h e  s m a l l e r  one. 
Labo ra to ry  o r g a n i z a t i o n  i s  concerned w i t h  t h i s  p rob lem 
because i t s - - p u r p o s e  i s  a f f e c t e d  the reby .  A c t i v i t i e s  wou ld  b e  
d i f f e r e n t l y  grouped i f  i t  c o u l d  be s a i d  t h a t  s c i e n t i f i c  (more 
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l i k e l y  engineer ing)  e f f o r t  were f u l l y  o r i e n t e d  t o  the develop- 
1 
r e n t  and support o f  products, as compared w i t h  the o r g a n i z a t i o n  
o f  a  , laboratory  t h a t  had no obvious end product .  Organizat ion 
a f f e c t s  p r o d u c t i v i t y  i n  severa l  ways. The o r i e n t a t i o n  o f  t h e  men 
who w i l l  undertake the work i s  a  p e r t i n e n t  f a c t o r ;  the i s o l a t i o n  
o r  cooperat ive f a c t o r  i s  r a d i c a l l y  in f luenced;  and the a u t h o r i t y  
s t r u c t u r e  w i l l  be a f f e c t e d .  I f  product support i s  impor tant ,  
d i v i s i o n s  
the engineer ing and manufactur ing / w i l l  have more in f luence  
i n  labora to ry  operat ions thaa would otherwise be the case. 
Only th ree  o f  the n ine  managers r e p o r t i n g  on t h i s  t o p i c  
considered tha t  t h e i r  groups were product o r i e n t e d  as measured 
by the devot ion o f  over h a l f  t h e i r  t ime t o  a c t i v i t i e s  which were 
c l o s e l y  r e l a t e d  t o  a  product .  The s c i e n t i s t s  i n  on ly  th ree  
labora to r ies  f e l t  the same way. I n  con t ras t ,  there were the  
) 
s c i e n t i s t s  i n  f i v e  labora to r ies  who c o n s ~ d e r e d  t h e i r  o r i e n t a t i o n  
t o  be towards ehe general d iscovery o f  knowledge. There was, 
however, a  s i g n i f i c a n t  p o i n t  o f  d i f f e r e n c e  b e t w e n  managers and 
the i r  own subordinates about t h i s  mat te r .  I r r e s p e c t i v e  o f  
whether the managers saw t h e i r  groups as product o r ien ted ,  t h e i r  
own subordinates disagreed w i t h  them i n  seven o f  n ine  cases. 
This  p o i n t s  up a  major problem t h a t  recurs throughout t h i s  study: 
managers o f  s c i e n t i s t s  have many misconceptions about t h e i r  
subordinates, and these can lead t o  c o n d i t i o n s  t h a t  n e g a t i v e l y  
a f f e c t  p r o d u c t i v i t y .  
The s c i e n t i s t s  who responded t o  t h i s  survey d i d  no t  f e e l  
t h a t  the i r .  p u r s u i t  o f  knowledge was p a r t i c u l a r l y  cons t ra ined  
by the dcqrce o f  product  o r i e n t a t i o n  present i n  t h e i r  l a b o r a t o r i e s  
The problc~ns t h a t  arose were such t h a t  they not  o n l y  evoked 
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s t r o n g  i n t e l l e c t u a l  c u r i o s i t y ;  t h e i r  s o l u t i o n s  made important 
c o n t r i b u t i o n s  t o  knowledge. And there i s  another aspect .  The 
d i v i s i o n s  
s c i e n t i s t s  were not  averse t o  a i d i n g  engineer ing o r  manufactur ing, 
i n  s o l v i n g  a  d i f f i c u l t  problem or  t o  general c o n s u l t a t i o n .  In -  
deed, they were pleased t o  be asked! The on ly  o b j e c t i o n  arose 
when too  much o f  t h e i r  a t t e n t i o n  was requ i red  f o r  these tasks 
A l t e r n a t i v e  Bases_of O r q a n i z a u  
The normal bas is  f o r  grouping labora to ry  a c t i v i t i e s  r e s t s  
upon the i n t e l l e c t u a l  d i s c i p l i n e s  involved.  Typ ica l  o f  the t i t l e s  
u s e d  t o  descr ibe t k s e  groups are Plasma Physics, Marine Sciences, 
Computer Sciences, and Decis ion Processes. Among the managers 
invo lved  i n  t h i s  study the o n l y  dev ia t ions  were r e l a t e d  t o  
p r o j e c t  management, an o r g a n i z a t i o n a l  concept most d ;  f i ' i s : ~  1 t 
t o  r a t i o n n l i z c .  
I t  was c l e a r  tha t  the s c i e n t i s t s  who repor ted  t o  these 
managers d i d  not  u s u a l l y  understand the  bas is  f o r  o rgan iza t ion .  
Most o f  them e i t h e r  d i d  not know o r  thought the bas is  was prod- 
uc t ,  process, o r  o t h e r .  This  fac t  i s ,  o f  course, scarce ly  p e r t i -  
nent t o  t h e i r  personal p r o d u c t i v i t y .  They d i d n ' t  r e a l l y  need 
t o  know u n t i l  they became some type o f  superv isor  themselves. 
A j o b  d e s c r i p t i o n  i s  a  management device used t o  de f ine  the 
subord ina te ' s  area o f  a c t i v i t y .  I t  i s  supposed t o  act  as a tool 
o f  comnunicat ion, t o  c l a r i f y  fo r  the subord inate  he scope o f  h i s  
a c t i v i t i e s ,  and even t o  p o i n t  up t o  t h e  manager any over laps o r  
gaps i n  h i s  work assignments. The p r a c t i c a l i t y  o f  t h i s  device 
i s  open t o  se r ious  quest ion.  I t  i s  very d i f f i c u l t  t o  i d e n t i f y  
a l l  a c t i v i t i e s ,  the d e s c r i p t i o n  soon gets ou t  o f  date, i t  seems 
t o  be r e f e r r e d  t o  on ly  a t  the t ime a  subord inate i s  in t roduced 
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they c o u l d  discuss the p o i n t  a t  l e i s u r e .  Some were very p o s i t i v e  
t h a t  s c i e n t i f i c  work i s  i n d i v i d u a l  snyway and hence the u n i t  
s i z e  would be i n m a t e r i a l .  There were others,  however, e q u a l l y  
sure t h a t  the re  i s  a  c r i t i c a l  mass t h a t  o p t i m a l l y  a f f e c t s  pro-  
d u c t i v i t y .  A yroup o f  t h i s  s i z e  would m2ximize the gains from 
intermember contact  and minimize the communication d i f f i c u l t i e s  
~ h i c h  la rge  groups ensure. 
When asked t o  suggest the s i z e  o f  the opt imal  group f i f t e e n  
s c i e n t i s t s  thought t h a t  the number would be i n  the range o f  ten  
t o  n ineteen,  four teen thought t h a t  less than f i v e  would be best.  
and twelve f e l t  tha t  the number was not impor tant .  I t  i s  d i f -  
f i c u l t  t o  know what occasioned t h i s  v a r i e t y  o f  response. Per- 
haps the s c i e n t i s t s  were merely r e p o r t i n g  the s i z e  o f  the 
group t o  which they were attached, hav ing no o ther  experience 
1 
from which t o  generate a l t e r n a t i v e  answers. This  cou ld  occur 
desp i te  the f a c t  t h a t  t h i r t y - f i v e  s c i e n t i s t s  d i d  have work exper 
ience w i t h  o ther  f i r m s .  Just how standard ized i s  the s i z e  o f  
l abora to ry  groups i s  unknown. Another poss ib le  exp lana t ion  
i s  t h a t  s c i - n t i s t s  may not  have been conscious o f  poss ib le  r e l a -  
t i o n s h i p s  between p r o d u c t i v i t y  and qroup s i z e  and consequently 
p a i d  l i t t l e  a t t e n t i o n  t o  the m a t t e r .  Another v a r i a b l e  i s  the  
nature o f  the s c i e n t i f i c  a c t i v i t y  i t s e l f ,  and the number o f  f e l -  
i o ~ i  s c i e n t i s t s  i n  the group who would be capable o f  d i scuss ing  
comon problems. F i n a l l y ,  the concept o f  c r i t i c a l  mass i s  
i t s e l f  vague. Even though i t  has v a r i a b l e  parameters the mere 
f a c t  t h a t  a  f i f t h  o f  the  s c i e n t i s t s  were concerned about i t  i n d i -  
I cates t h a t  i t  can be a  f a c t o r  o f  some s i g n i f i c s n c e .  
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The resnondrnts t o  t h :  s  survey wrre asl<e-d t o  romp t o  g r ' n s  
w i t h  t h i s  problem o f  p r o d u c t i v i t y  and group s i z e .  Eighteen o f  
t h i r t y - n i n e  s c i e n t i s t s  repor ted  t h e i r  preference f o r  working 
by themselves, f i f t e e n  p r e f e r r e d  t o  work w i t h  one o ther  sc ien-  
t i s t  ( they  were equa l l y  d i v i d e d  when asked i f  the co l league should 
have s i m i l a r  s c i e n t i f i c  i n t e r e s t s ) ,  and o n l y  s i x  p r e f e r r e d  t o  
work w i t h  t n o  o r  more s c i e n t i s t s  ( w i t h  d ive rse  i n t e r e s t s ) .  
This does not mean t h a t  s c i e n t i s t s  who p r e f e r  t o  work alone do 
not  communicate w i t h  o therc .  '!:"" ? - I ; .  two exceptinns. a l l  the  
s c i e n t i s t s  i n  t h i s  study con fe r red  w i t h  other  s c i e n t i s t s  who 
had o r  were work ing on s i m i l a r  problems. They r e a l l y  d i d  not 
care where these men were located.  Some s i x  s c i e n t i s t s  p re -  
f e r r e d  t o  consu l t  w i t h  men ou ts ide  t h e i r  0.m Firm, t h i r t e e n  p re -  
f e r r e d  consu l tan ts  from w i t h i n  the f i r m ,  and t h i r  t y - t h r e e  had 
no preference.  S c i e n t i s t s  are c l e a r l y  c c a l k i n g  group. They 
s h i e v e  a  " c r i t i c a l  mass" o f  cavmunicat ion e i t h e r  w i t h i n  o r  w i t h -  
out the f i r m .  
The managers o f  the responding s c i e n t i s t s  appear t o  be very 
uncer ta in  about the whole v a t t e r .  Looking, as they must, a t  pro-. 
d u c t i v i t y ,  they were e q u a l l y  d i v i d e d  between those w h c  thought 
s c i e n t i s t s  worked b e t t e r  alone, w i t h  one o ther  s c i e n t i s t ,  o r  w i t h  
more than two. I n  f i v e  s p e c i f i c  l abora to r ies  s c i e n t i s t s  and 
t h e i r  managers genera l l y  agreed on t h i s  t o p i c .  I n  the  remain- 
ing th ree  cases there  was marked disagreement. I n  one promi- 
nent labora to ry  the manager thought h i s  men were most produc- 
t i v e  when working w i t h  two o r  more s c i e n t i s t s ,  but fou r  o f  f i v e  
o f  h i s  own subordinates p r e f e r r e d  t o  work alone. I n  another 
case when the manager thought h i s  men were most p roduc t i ve  i f  
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On the whole i t  i s  q u i t e  probable t h a t  a t  the f r o n t  
l i n e  superv isory leve l ,  l abora to r ies  w i l l  cont inue t o  be man- 
aged by p a r t  t ime t e c h n i c a l l y  t r a i n e d  managers. 
DR. O'DONNELL: One o f  the  th ings  t h a t  i s  not  c l e a r  i s  the 
use o f  committees w i t h i n  the labora to r ies .  Why are they used 
and what does the s c i e n t i s t  t h i n k  about p a r t i c i p a t i o n  i n  committee 
work? 
MR. IAMS: I might begin the d iscuss ion  by saying tha t  a t  
the Hughes Research Labore to r ies  the re  a re  th ree  formal committees 
o f  which s c i e n t i s t s  are members. (Tbey p a r t i c i p a t e  i n  some o ther  
committees o c c a s i o n a l l y . )  The f i r s t  i s  the L i b r a r y  Committee, 
where t k e i r  concerr  ; <  wiph the scope and zdrquacy o f  the informa- 
t i o n  being obta ined.  The second i s  the inven t ions  Eva lua t ion  
Corni t tee ,  and the t h i r d  i s  the Pub1 ished Papers Awards Ccutln:~ t t e e .  
I n  the l a t t e r  instance t h e  quest ion t o  be decided i s  whetner 7 
given paper meets the exac t ing  c r i t e r i a  f o r  a  s i g n i f i c a n t  f i n z n -  
c i a 1  award. 
DR. 04DOKNELL: L e t ' s  go back t o  the s c i e n t i s t s  and ask 
them: "Do you enjoy p a r e i c i p a t i o n  i n  these types o f  committees?" 
DR. FRLNTZ: I have never been on a  committee. I c o u l d n ' t  
szy. I r e a l l y  have no answer t o  t h a t  
DR. ALBERT WILSON: S c i e n t i s t s  are \ r i  ! l i n g  t o  c a r r y  the load 
i f  they a re  requ i red  t o  serve on shop committees, recru i tment  
co rnn i~ tees ,  s a f e t y  committees and so on, and they are u s u a l l y  
very e f f e c t i v e .  I n  general,  however, I t h i n k  they would j u s t  as 
soon be through w i t h  ccmmittees and get back r o  t h e i r  own work, 
i f  the  r e s p o n s i b i l i t y  doesn ' t  have t o  be on t h e i r  shoulders. 
DR. 01DONr4ELL: They look a t  i t  as a  p a r t  o f  t h e i r  j o b  b u t  
they d o n ' t  r e a l l y  en joy i t ?  
DR. ALBERT WILSON: Par t  o f  the  job, yes. 
1 DR. MUlR: I have been asked t o  serve on a couple o f  com- 
m i t t e e s  and I agree w i t h  what Dr. Wilson was say ing.  I t  
i s  something you do because you are asked t o  do, bu t  ve ry  few 
people, I  th ink ,  have vo lunteered f o r  a  ccnanittee. 
These comni t tees i n c i d e n t a l l y ,  a t  least  i n  my experience,were 
w i t h  
concerned/ some s o r t  o f  day-to-day business type o f  t h i n g .  I  
suspect i f  one was on a c o r n i t t e e  t h a t  msde very im,>oriant ;>o l icy  
c ~ c i s i o n s ,  f o r  exjmole a b ~ u t  research funds o r  c a p i t a l  expendi- 
tures,  then the v iew might be quite. d i  f f c r e n t .  
DR. O'DDNNELL: Do you hsve committees i n  your labora to r ies  
which a re  canparable t o  those which Har ley mentioned? 
DR. HAMERMASH: No, no f o r m 1  ones. On the  other  hand, we 
i nforrra l 
are  w i l l i n g  t o  t a l k  w i t h i n  / groups f o r  spec ia l  purposes 
1 invo lv ing ,  say, important issues l i k e  c r i t i c i s m  o f  some method o f  
opera t ion  o r  improvement. Then, I  f i n d  there i s  a  tremendous 
d e s i r e  t o  p a r t i c i p a t e ,  p a r t i c u l a r l y  i f  you p i c k  an area wherein 
the fe l lows  have been complaining f o r  the l a s t  Five years. The 
same people who wou ldn ' t  be able t o  spend an hour t o  come t o  a 
sminar  w i l l  spend hours p ~ r t i c i p a t i n g  i n  th ings  l i k e  t h a t .  
GEN. CAVE: Would you mind e l a b o r a t i n g  on the  k i n d  o f  sub- 
j ec ts  about which they complain? 
DR. HAMERMASH: 1 w i l l  g i ve  you a s p e c i f i c  example. I t  
concerns a soheme t h a t  we used a couple o f  years ago t o  d isperse 
ompany funds. There was a l o t  o f  c r i t i c i s m  o f  t h i s .  S o , t h i s  past  
year we arranged f o r  committees o r  in fo rma l  groups, t o  d iscuss 
1 t h i s  issue w i t h  a v iew t o  f i n d i n g  out  what the r e a l  problems 
were and what might be done. We used t h i s  as a veh ic le ,  f i r s t  o f  
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a l l ,  t o  get somc data and then t o  g-nerate a more, meaningfu! 
approach t o  t h e  problem. 
DR. OSTERYOUNG: What you a re  t a l k i n g  about, i s  t h i s  idea 
o f  g e t t i n g  the  s c i e n t i s t  t o  p f r t i c i p a t e  i n  c e r t a i n  t h i n g s  t h a t  
r e a l l y  a f f e c t  p o l i c i e s .  The comni t taes descr ibed over here a re  
c e r t a i n l y  not  po l icy-making i n  any sense. 
Most o rgan iza t ions ,  I t h i n k  d o n ' t  have comnittees which 
r e a l l y  do t h i s  s o r t  o f  th ing ,  bu t  maybe i t  i s  a  way t o  permi t  
people t o  p s r t i c i p a t e .  Again, i f  the i n d i v i d u ~ l  wants to, I 
t h i n k  i t  i s  ve ry  wor thwhi le  where i t  r e a l l y  a f f e c t s  him. 
DR. HAbIERMASH: What t h i s  means i s  tha t  you a l l o w  the  
people t o  p a r t i c i p a t e  i n  some o f  the areas which thc managers 
u s u a l l y  keep as t h e i r  own? 
CR. O'DONNELL: I s  t h i s  b a s i c a l l y  a  search f o r  in fo rmat ion - -  
your o l d  corrmunication problem, Rober t - -or  i s  the re  an i n t e r e s t  
i n  a f f e c t i n g  p o l i c y ?  
CR. HAMERMASH: I t  i s  both.  
DR. OSTERVOUNG: Somebody makes a p o l i c y  dec is ion  as t o  
b e t t e r  ways for  d i v v y i n g  up the pots .  
s i m i l a r  f u n c t i o n  a l thcvgh  
DR. MUIR: There i s  one o t h e r l t y p e l  i t  i s  no t  r e a l l y  a  
committee a c t i v i t y  
I  know t h a t  i n  a number o f  l a b o r a t o r i e s  the re  i s  an 
i n t e r n a l  review be fo re  a paper can be sent ou t  f o r  p u b l i c a t i o n  
Sometimes t h i s  i s  done by one o f  the  managers, b u t  more than 
l i k e l y  t h e  paper would be f i e l d e d  t o  some o ther  s c i e n t i s t  
Most o f  us, I t h i n k ,  c i r c u l a t e  our  papers among our  c o l -  
c o n s t r u c t i v e  
leagues anyway, j u s t  as a mat te r  o f  g e t t i n g  / c r i t i c i s m .  
Th is  i s  the type o f  an a lmost-conuni t tee- l ike a c t i v i t y  t h a t  
I t h i n k  the  s c i e n t i s t s  g e n e r a l l y  regard as be ing  very  wor thwhi le .  
I t  keeps,them aware o f  what i s  going on i n  the labora to ry .  They 
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l e a r n  something new. I t  a l s o  helps the  labora to ry .  
DR. LYON: We have nleny d i f f e r e n t  types o f  c m i  t tees ,  
and the ones t h a t  serve the func t ions  n a t u r z l  l y  are very good. 
Sometimes you can abuse them and replace a f u n c t i o n  which i s  
p r o p e r l y  done by one i n d i v i d u a l  by a c m i t t e e .  Those k inds  o f  ' 
ccmni t tees I clpnlt l i k e .  
DR. O'DONNELL: Our ques t ionna i re  i n d i c a t e d  t h a t  s c i e n t i s t s ,  
not the mnagers, took a r a t h e r  dim view o f  the amount o f  t ime 
they have t o  spend on committees. 
DR. SALZER: I was very much surp r i sed  tha t  anybody wants 
t o  serve on committees. My experience i s  t h a t  the o n l y  t h i n g  
they want t o  be a b l e  t o  do--and excuse the express ion- - i s  t o  
$ g r i p e  f o r  not  hav ing been i n v l t e d  a f t e r  e l l  the  r e s u l t s  a re  out ,  
say ing " I  d o n ' t  l i k e  something." Th is  i s  t h e i r  r i g h t ,  bu t  gen- 
e r a l l y  they a re  not i n t e r e s t e d  i n  c o r n i t t e e  work. They would be 
i n t e r e s t e d  i n  rev iew ing  papers not as a c m i t t e e  f u n c t i o n  bu t  
a5 a s c i e n t i f i c  f u n c t i o n .  I f  i t  i s  i n  t h e i r  areas o f  s p e c i a l t y  
o r  i n t e r e s t ,  they would be very  i r e r e s t e d  and very happy t o  do 
t h a t .  
I found out  t h a t  i t  i s  genera l l y  much more e f f e c t i v e  
t o  use e i t h e r  l i n e  management o r g a n i z a t i o n  t o  c a r r y  out  a l l  the  
func t ions  so f a r  mentioned, o r  t o  e s t a b l i s h  some s t a f f  func t ions  
t h a t  a re  s c i e n t i f i c  i n  some sense. 
I don ' t  see any reason why people who a re  r e a l l y  mot i va ted  
t o  achieve t h i n g s  i n  science and get  r e c o g n i t i o n  as s c i e n t i s t s  
1 would want t o  work on committees unless t h i s  i s  d i r e c t l y  i n  
l i n e  w i t h  t h a t  o b j e c t i v e .  
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GEN. CAVE: Msy I s p e c i f i c a l l y  ask, how about those group 
a c t i v i t i e s  t h a t  have t o  do w i t h  p lann ing  c a p i t a l  budget ing i n  the 
Research and Deve lopment area? 
DR. SALZER: They a re  i n t e r e s t e d  i n  making s e l e c t i o n s  as t o  
what f a c t o r y  equipment you buy, and they even c a l l  the  s u p p l i e r s  
t o  make sure t h a t  the e l e c t r o n  microscope t h a t  gets  ordered has 
two l i t t l e  ho les i n  i t  o r  something. But t h a t  i s  because they 
consider  i t  t h e i r  t o o l  i n  s c i e n t i f i c  endeavor. I f  I  wanted them 
t o  come on a committee t o  evaluate c a p i t a l  equipment a c q u i s i t i o n s  
and p lanning,  no. 
GEN. CAVE: For those e l e c t r o n  microscopes? 
DR. SALZER: No. 
MR. IAMS: Those who evaluate inven t ions  should b o t h  under- 
s tand the  technology on which the proposal i s  based and be ab le  
t o  v i s u a l i z e  i t s  p r a c t i c a l  u t i l i t y .  P a r t i c u l a r l y  i n  d e a l i n g  w i t h  
the  o f t e n  e s o t e r i c  ideas generated i n  a research laboratory ,  a 
committee composed l a r g e l y  o f  s c i e n t i s t s  may be super io r  t o  one 
comprised o f  managers. 
DR. SALZER: I would say t h i s :  I don ' t  agree w i t h  you f o r  
two reasons. One i s  t h a t  Dr. A i s  a s c i e n t i s t  i n t e r e s t e d  i n  
e v a l u a t i n g  s c i e n t i f i c  achievement i n  h i s  f i e l d  and i s  a b s o l u t e l y  
not  i n t e r e s t e d  i n  look ing through the  l i s t  t h a t  comes t o  these 
committees. Patent committees r e j e c t  a t  l eas t  50 percent  o f  the 
d isc losures  as being wor th less.  The o t h e r  50 percent  they have 
t o  mete ou t  a d m i n i s t r a t i v e l y  t o  s p e c i a l i s t s ,  and t h a t  i s  the 
committee func t ion .  The p o i n t  where the s c i e n t i s t  wants t o  come 
i n  i s  when we get  down t o  th ree  s p e c i f i c  i nven t ions .  He i s  
supposed t o  conment on them. At  t h a t  p o i n t  he i s  very happy t o  
do t h i s  because we know t h a t  t h a t  i s  h i s  f i e l d ,  and he can r e a l l y  
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OR. H4HERMASH: I d c n ' t  t h i n k  t h e r e  a r e  enough o f  t hese  
i n f o r m a l  s p e c i a l  p l l rposes comni t t e e s .  I t h i n k  we can use a  
l o t  more o f  them. I t h i n k  t h a t  t h e  m n a g e r s  can a s s i g n  a l o t  
more t a s k s  = t o  groups, can  ge t  a  l o t  more feedback f rom them. 
DR. O'DONNELL: John, does t h a t  anso.*er your  q u e s t i o n  on 
c m i  t t e e s ?  
GEN. CAVE: Yes, I t h i n k  i t  suppo r t s  my v iew  t h a t  c m i t t e e s  
a r e  nDt a l t o g e t h e r  unwelcome i f  t h e  s c i e n t i s t  can  see t h e i r  r e l e -  
vancy t o  h i s  own a c t i v i t y .  I 
wonder i f  s c i e n t i s t s  a r e  any d i f f e r e n t  fran everyone e l s e  when 
c u m n i t t e e  work cannot  be connected w i t h  t h e  work t hey  a r e  d o i n g .  
!IAI,IAG I FIG THE ORGAN 1 ZAT l ON FUNCT 1 ON 
The way i n  wh ic l i  l a b o r a t o r y  pe rsonne l  a r e  o r g a n i z e d  and 
d e c i s i o n - m ~ k i n g  i s  s t r u c t u r e d  can have a  c o n s i d e r a b l e  impact on 
t h e  p r o d u c t i v i t y  o f  s c i e n t i s t s .  O r g e n i z a t i o n  i s  a  f a c i l i t a t i n g  
f u n c t i o n  and i t  shou ld  be accompl ished i n  a  way t h a t  p r o t e c t s  
s c i e n t i s t s  f r om i n c u r s i o n s  upon t h e i r  t i m e  and a t t e n t i o n  t h a t  
d e t r a c t  f rom t h e i r  r esea rch  a c t i v i t i e s .  Consequent ly,  t h e  manager 
o f  s c i e n t i s t s  shou ld  conce rn  h i m s e l f  w i t h  such i ssues  as t h e  
l o c a t i o n  o f  t h e  a c t i v i r : ~  nr-+ln.in: o f  persor lne l ,  t h e  s i z e  o f  
groups, and t h e  e s t a b l  isbment o f  c l e a r  l i n e s  o f  a u t h o r i t y .  
O r q a n i z a t i o n a !  Placement o f  Research 
- 
The s e l e c t i o n  o f  an o r g a n i z a t i o n a l  home f o r  t h e  resea rch  
~ c t i v i t y  i n v o l v e s  s e v e r a l  impo r tan t  c o n s i d e r a t i o n s ,  and i n  t h e i r  
we igh ing  a  d i f f e r e n t  answ'?r emerges. S tand ing  ae t h e  h e ~ d  o f  
t hese  v a r i a b l e s  i s  t h e  reason f o r  e s t a b l  i s h i n g  the  ' f u n c t i o n .  
Co rpo ra te  managers a r e  r e a l l y  n o t  t o o  c l e a r  about why they  want 
a  resea rch  arm. I t  i s  easy enough t o  r e s o r t  t o  vague and even 
g r a c i o u s  phrases bu t  these w i l l  se ldo r ,  shed much l i g h t  upon t h e  
q u e s t i o n .  They f i n d  i t  r a t h e r  gross  t o  say t h a t  resea rch  i s  
e s t a b l i s h e d  i n  t he  hope o f  p r o d u c i n g  a c l e a r  f i n a n c i a l  and 
c o n p e t i t i v e  b e n e f i t  t o  t h e  f i r m .  But t h i s  i s  t r u l y  t h e  case even 
though i t  does sound m a t e r i a l i s t i c .  
W i t h  r e c o g n i t i o n  o f  t h e  purpose o f  r esea rch  i t  becomes c l e a r  
t h a t  i t s  placement i n  t h e  o r g a n i z a t i o n  s t r u c t u r e  shou ld  be 
dec ided  i n  terms o f  i t s  c o n t r i b u t i o n  t o  t h i s  end. Severa l  c h o i c e s  
a r e  a v a i l a b l e .  The resea rch  pe rsonne l  may be l o c a t e d  w i t h i n  a  
manu fac tu r i ng  d i v i s i o n ,  t h e y  may be i n  a  sepa ra te  department 
r e p o r t i n g  on t h e  same l e v e l  as p r o d u c t i o n  and sa les ,  o r  t h e y  may 
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the re  a re  o n l y  a  few s c i e n t i s t s  aboard. I n  t h i s  case each person 
would r e p o r t  t o  the  d i r e c t o r  o r  sen io r  s c i e n t i s t  o r  whoever i s  
p laced  i n  cfmry.-. o f  the a c t i v i t y .  A S  the number o f  s c i e n t i s t s  
increases there  comes a  t ime when the d i r e c t o r  must t h i n k  i n  
terms o f  grouping them i n  some manner because he alone cannot 
e f f e c t i v e l y  supervise a l l .  He may very w e l l  i d e n t i f y  a few 
senior  s c i e n t i s t s  who w i l l  undertake the  duty  o f  t e c h n i c a l l y  
superv is ing  one o r  more subord inate s c i e n t i s t s .  From the  d i r e c -  
t o r ' s  p o i n t  o f  view, the term "senior"  s c i e n t i s t  wi I I stand f o r  
mgre than a  s ta tus  o r  sa la ry  c l a s s i f i c a t i o n .  I t  w i l l  reveal  t h a t  
such a  person i s  i n  the p o s i t i o n  o f  t e c h n i c a l l y  superv is ing  the 
work o f  subordinates. And such a  person w i l l  be chosen on the  
bas is  o f  h i s  c a p a b i l i t y  f o r  the d i r e c t i o n  o f  research work iden- 
t i  f i a b l e  by subject  mat ter ,  e.g. quantum physics o r  bio-chemi s t r y  
o r  d e c i s i o n  processes. Organizat ion seems t o  p o l a r i z e  a r w n d  the 
i n t e l l e c t u a l  d i s c i p l i n e  o f  the  men who a r e  h i r e d  though men w i t h  
i n t e r r e l a t e d  d i s c i p l i n e s  a re  o f t e n  grouped together  when progress 
i n  the  s t a t e  o f  the  a r t  depends upon t h e i r  c lose  cooperat ion.  
I f  a  labora to ry  cont inues t o  grow i n  the  number o f  employed 
s c i e r t i s t s ,  a  p o i n t  i s  reached when the senior  s c i e n t i s t s  
descr ibed above must be grouped together  under the d i r e c t i o n  o f  
a  department manager who i n  t u r n  w i  I I repor t  t o  the labora to ry  
d i r e c t o r .  Thus, more formal techniques o f  o r g a n i z a t i o n  a re  
requ i red  i n  la rge  l a b o r a t o r i e s  than i n  small  ones s imply  because 
adequate a t t e n t i o n  cannot be g iven t o  a l l  by the d i r e c t o r .  I t  
i s  q u i t e  uncer ta in  a t  what p o i n t  t h i s  regrouping must be under- 
taken. I t  i s  f a i r l y  c e r t a i n  t h a t  some d i r e c t o r s  w i l l  wact t o  
delay regrouping as long as poss ib le ;  on the o ther  hand, d i r e c -  
t o r s  who want t o  engage i n  research themselves w i l l  hasten the  
104d 
process.  
Size o f  Research Groups 
I t  should go w i thou t  say ing t h a t  the ac tua l  number o f  persuns 
r e p o r t i n g  t o  any manager w i t h i n  the labora to ry  should be t h a t  
which maximizes the p r o d u c t i v i t y  o f  the  group. The i d e a l  i s  
p e r f e c t l y  c l e a r ;  how t o  achieve i t  depends upon o p t i m i z i n g  severa l  
v a r i a b l e s .  One i s  the degree o f  support which the f i r m  decides 
t o  p rov ide  f o r  a  p a r t i c u l a r  e f f o r t .  The budget prov ides f o r  a  
s t a F f i n g  p a t t e r n  which may l i m i t  the number o f  s c i e n t i s t s  t o  very 
few o r  t o  a  considerable number. I n  rhe F o ~ t t ~ e r  case the  p a t t e r n  
may p rov ide  f o r  a  p a r t - t i m e  superv iso r ,  i n  the l a t t e r  case i t  t ~ z y  
o r  may not  so p rov ide  because i t  i s  not  c e r t a i n  t h a t  the technique 
o f  f u l  I - t i m e  superv is ion  wi 1 1  be u t i  l i z e d .  A t  t h i s  p o i n t  the 
preferences o f  the superv isor  become impor tant .  I f  he p r e f e r s  
t o  be a  p a r t - t i m e  manager ( o r  superv iso r ) ,  the rnanagertal s t y l e  
w i l l  be the same i n  both small  and iarge labora to r res .  
Whether a  labora to ry  d i r e c t o r  should move from the use o f  
part-:ime superv isors t o  f u l l - t i m e  superv isors as the nunber O F  
s c i e n t i s t s  increases can be determined l o g i c a l l y  on the bas is  o f  
the r e l a t i v e  p r o d u c t i v i t y  o f  the two techniques C lear l y ,  the 
f i r m  would p r e f e r  t h a t  o r g a n i z a t i o n  p a t t e r n  which w i l l  maximize 
p r o d u c t i v i t y .  The problem i s  tha t  one cannot say c a t e g o r i c a i l y  
which o r g a n i z a t i o n  technique w i l l  y i e l d  t h i s  r e s u l t .  From the 
v iewpoint  o f  management theory the s p e c i a l i z a t i o n  o f  managers on 
a  f u l l - t i m e  bas is  should g ive  the b e t t e r  r e s u l t s  because  heir 
work i s  extremely comples, i t  requ i res  years o f  p r a c t i c e  t o  excel  
i n  i t ,  and t h e r e f o r e  i t  should have undiv ided a t t e n t i o n .  On th -  
o t h e r  hand, s c i e n t i s t s  a re  fond o f  say ing t h a t  they p r e f e r  t o  
work f o r  a  p a r t - t i m e  superv isor  who i s  presumed by t h i s  reason 
104e 
t o  be a c t i v e l y  engaged i n  science; and the  p a r t - t i m e  superv isor  
p r e f e r s  i t  t h i s  way because he looks upon h i m s e l f  as p r i m a r i l y  a  
: 
s c i e n t i s t  w i t h  a  career  as such. I t  i s  probable t h a t  t h i s  argu- 
ment w i l l  never be s e t t l e d .  Indeed i t  c o u l d  be so o n l y  by exper i -  
m e n t a l i s t  techniques, and n e i t h e r  the f i r m  nor the  s c i e n t i s t s  
seem i n t e r e s t e d  i n  f u r t h e r i n g  the science o f  management by t h i s  
means. Since the p o t e n t i a l  ga in  from knowing the answer cannot 
even be v i s u a l i z e d  a t  present,  i t  i s  probable t h a t  en te rp r i ses  
w i l l  go on t h e i r  u n c e r t a i n  way so long as they can a f f o r d  t o  
support a l abora to ry .  
Cwnmi t t e e s  
The j u d i c i o u s  use o f  the c o r n i t t e e  dev ice can make i t  a  
use fu l  managerial  technique. Thei r  s p e c i f i c  purposes need t o  be 
c l e a r l y  de f ined  i n  order  t o  achieve r e s p o n s i b i l i t y  and t o  prevent 
B improper usage. 
Committees a r e  comprised o f  two o r  more persons o f  equal 
s ta tus ,  as f a r  as v o t i n g  power i s  concerned, who a re  assigned a  
j o i n t  s p e c i f i c  du ty .  They may be o f  a  s tanding na tu re  o r  they 
may be ad hoc; they may have a u t h o r i t y  o r  they may n o t .  For 
instance,  the board o f  d i r e c t o r s  o f  a  co rpora t ion  has both the 
a u t h o r i t y  and the r e s p o n s i b i l i t y  t o  manage the f i r m .  On the 
o ther  hand, a  committee o f  execut ives r e p o r t i n g  t o  the p res iden t  
i s  o n l y  an adv iso ry  group. They cannot make f i n a l  dec is ions .  
Indeed, p r a c t i c a l l y  a l l  s tanding and ad hoc committees found i n  
organized e n t e r p r i s e  are adv isory i n  na tu re .  Exceptions would 
be those having a  more r o u t i n e  duty  t o  per form such as the  
a c t i v i t i e s  o f  a  l i b r a r y  committee which u s u a l l y  has the a u t h o r i t y  
i t o  make purchases and o rder  cance l la t ions ,  b u t  t h i s  i s  done 
w i t h i n  the  safeguard o f  a  budget. 
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St11dont5 o f  committee behavior soon come t o  r e a l i z e  tha t  the 
members can and do have a  ve ry  g rea t  weight i n  i n f l u e n c i n g  the 
decision-making proccss.  F i r s t ,  the re  i s  the mat ter  o f  member- 
sh ip This i s  se lec ted  by the ccmmon super io r  o f  a l l  members, 
and he w i l l  see t o  i t  t h a t  he has a  m a j o r i t y  o f  people who 
r e f l e c t  his views. Of course, he w i l l  appoint prominent members 
o f  a  con t ra ry  phi losophy bu t  t h i s  i s  o n l y  f o r  the purpose o f  
s imu la t ing  d i s i n t e r e s t  i n  the na tu re  o f  committee recomnendatinns, 
and g i v i n g  the appearance o f  arms-length dea l ing .  
A co rmi t tee  o f  t h i s  na tu re  dop- dork very hard and cores i n  
w i t h  s o l i d  recommendetions t o  t h e i r  common super io r ,  o r  t o  t h ~  
group o f  which ; t  i s  a  p a r t .  The mere f a c t  tha t  the committee 
members du spend a great  deal  o f  i ime  i n  s tudy ing  a l l  aspects or  
mat ters  r e f e r r e d  t o  thev and reach a  dec is ion  based on both the 
evidence and t h e i r  personal  ph i losoph ies  p laces the cormi:tee 
recowmendation beyond the reach o f  a t 1  o thers  o f  the la rger  group 
who rrsy i n s t i n c t i v e l y  oppose the se lec ted  course o f  a c t i o n .  The 
l a t t e r  have not become acquainted w i t h  the d e t a i l s ,  they have not 
csnso l ida ted  t h e ~ r  p o s i t i o n ,  and they }lave n c t  +ad d i r e  t o  orgsn- 
i r e  t h e i r  l a rger  membership i n  o p p o s i t i o n .  Consecjucntly, the re  
i s  l i t t l e  wonder tha t  cowni t tee recommenciat~ons r e a l l y  have much 
o f  the a u t h o r i t y  o f  a  l i n e  dec is ion .  
The foregoing eva lua t ion  o f  the  recommending committee i s  
p a r t i c u l a r l y  apropos t o  u n i v e r s i t i e s  and p o l i t i c a l  groups. i n  
a  business e n t e r a r i s e  the overtones o f  power p o l i t i c s  i s  less i n  
evidence. For one reason, the  f i r m  cannot a f f o r d  t o  reach a  
wrong dec is ion  very o f t e n .  I n  a  compet i t i ve  wor ld  r a t i o n a l  
answers t o  tough business problems must be reached i f  the f i r m  i s  
t o  su rv ive .  I n  t h i s  environment the q u a l i t y  o f  the  recommendation 
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i s  e x t r a o r d i n a r i l y  h i g h  and t h e r e f o r e  i s  g r e a t l y  va lued by the  
respons ib le  super io r .  
There i s  an important on-going f r i n g e  b e n e f i t  produced by 
committee d e l i b e r a t i o n s .  I t  has t o  do w i t h  the a b i l i t y  t o  f a c i -  
l i t a t e  communication. Committee members g radua l l y  become a  w e l l -  
k n i t  group, even i f  they a re  opposed p h i l o s o p h i c a l l y .  They ere 
w e l l  acquainted, they know j u s t  how f a r  each can be t rus ted ,  they 
dcrive front va r ious  p a r t s  o f  the  f i r m  o r  d i v i s i o n ,  and each tends 
t o  know what a l l  know. Therefore c m v i t t e e  se rv ice  i s  o f t e n  
h i g h l y  va lued f o r  i t s  corrmunicstion b e n e f i t s  i n  a d d i t i o n  t o  the 
power i t  confers upon the  membership. Each i s  i n  the f o r e f r o n t  
o f  knowledge about what w i l l  be done and each acqui rcs s ta tus  
j u s t  f o r  t h i s  reason. 
A l l  managers should use the committee device i f  i t  w i l l  he lp  
them achieve t h e i r  objec,tives. Wi th experience, they w i l l  f i n d  
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t h e t  some members a re  much more e  Fe t iv ,e , than o thers .  P a r t i -  
"..+ : t.:: 
c u l a r l y  i n  l a b o r a t o r i e s  iFr weF1 t h a t  many do not  wish t~ 
..- 
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serve; they should no t  be r e q u i r e d  tp do so because i t  w i l l  lessen 
> - , <  
t h e i r  a v a i l a b l e  t ime f o r  research. On the o ther  hand, the re  w i l l  
i :  
be rilsny who want t o  in f luence  decis ions,  t o  be a  p a r t  o f  the 
managing process, a rd  q u i t e  p o s s i b l y  t o  seek a  career: ; in manage- 
ment. Committee se rv ice  i s  a  good p rov ing  ground For t h i s  group 
Heed f o r  Clear L ines o f  Author i  t l  
The term "author i t y "  l i k e  " p r o f  i t"  and "autccracy" seems t o  
have s u f f e r e d  considerably  a t  the hands o f  those who s imply  don ' t  
l i k e  any a u t h o r i t y  except t h a t  which they themselves exerc ise .  
And ye t  the manager o f  a labora to ry  does have and must have the 
r i g h t  t o  commend subordinates t o  ac t  o r  t o  r e f r a i n  from a c t i n g  
w i t h  respect t o  c e r t a i n  c l e a r l y  de f ined  areas o f  a c t i v i t y .  
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S c i e n t i s t s  a re  no tab ly  s e n s i t i v e  about the a ~ ~ t h o r i t y  o f t h e i r  
managers when the  subject  i s  discussed i n  g e n e r a l i t i e s .  And t h i s  
i s  as i t  should be becsuse s c i e n t i s t s  who w i l l  be engaged i n  
bas ic  research do hgve a  need f o r  c e r t a i n  k inds o f  freedom from 
the commands o f  super io rs .  But even these meq see t i le  necess i t y  
o f  t h e i r  s u p e r i o r ' s  r i g h t  t o  cornand i n  such areas as c o r , ~ u l t i n g ,  
invent ions,  pr tb l ish ing,  eouipments, :and msny o thers .  
I n  en./ d iscuss ior ;  o f  a u t h o r i t y  wi:hin t h e  l a Y o ~ r . ? p y  L':c::. 
shou !.' a!:vsys he the general l y  accepted szsump: i o l  t t ta t  the 
degree and scope o f  the a: l t l ior i  t y  o f  a  manager shoeld be d i r e ~ t l y  
r e l a t e d  t o  tt:c p r o 3 0 i c t i , ~ i  t y  oC the qroup. U i t i r n e t ~ l y  chi5 i s  
w h r ' t  i s  ws3ted a ~ d  i f i t  c?n b e  f i i r rhe red  by 57.2~; i i c  ~ u t h o r i  t y  
tha t  i s  de legetcd t o  a  labora to ry  manager t h i s  should be done. 
Those who have dccision-making a u t h o r i t y  are en t rus ted  t o  use i t  
w i t h  the view o f  fur-:hering the best i n t e r e s t  o f  the f i rm.  07 
course, a c t h c r i t y  can be and sometim2s i s  abtired hy a  p a r t i c u l a r  
malager. But i t  i s  not the fac t  t h a t  he has a u t h o r i : ~  t h a t  i s  
a t  f a u l t :  i t  i s  the f a i l u r e  t o  se lec t  the proper manager. 
The h ~ t i ? a r i  t y  t o  nieke con t rac ts ,  t 2  order  equipment, and t o  
employ and terminate personnel i s  exerc ised by labora to ry  menagers. 
I t  i s  e s s e n t i a l  th;t t h i s  power l i e  i n  the hands o f  a  responsib le  
m;.r,.?ger even though he may very w e l l  seek the advice o f  anyorle 
i n  i t s  exerc ise i f  he p leases.  But o n l y  the manager i s  persona l l y  
responsib le  f o r  r e s u l t s  i n  these r ~ t h e r  t y p i c a l  areas o f  dec is ion-  
making. There are o t h e r  arezs, e s p e c i a l l y  o f  p o l i c y  i n t e r p r e t e -  
t i o n s ,  tha t  are o f t e n  over looked i n  any d i  scl-!ssion o f  a u t h o r i t y .  
The manager shouid c l e a r l y  be concerned about i c t r u s l o n s  o f  o u t -  
s i d e r s  e s p e c i a l l y  on the  t ime o f  the  s c i e n t i s t .  Demands o f  
producing and engineer ing d i v i s i o n s  f o r  c o n s u l t i n g  t ime can be 
l O l t i  
so great  as t o  s e r i o u s l y  l i m i t  the  e f fec t i veness  o f  the  s c i e n t i s t .  
Here i s  an o p p o r t u n i t y  f o r  the labora to ry  manager t o  d iscuss the 
mat te r  w i t h  h i s  subordinates and develop a p o l i c y  statement t h a t  
se ts  f o r t h  the l i m i t s  o f  the  c o n s u l t i n g  func t ion .  When t h i s  i s  
proclaimed, any s c i e n t i s t  can p o i n t  t o  the p o l i c y  a s  j u s t i f i c a -  
t i o n  f o r  r e f u s a l  t o  g i v e  nmre than a p a r t i c u l a r  p o r t i o n  o f  h i s  
t ime t o  such a c t i v i t y .  In t h i s  way, t h e  labora to ry  manager can 
p r o t e c t  h i s  subordinates from unwarranted i n t r u s i o n .  The approval 
o r  den ia l  o f  permiss ion t o  t r a v e l ,  t o  present  papers, t o  p u b l i s h  
i s  l i kew ise  an exerc ise  o f  a u t h o r i t y  c a r r i e d  ou t ,  hope fu l l y ,  i n  
the best net  i n t e r e s t  o f  the f i r m .  Considerat ions o f  long and 
shor t  term advantage a re  important,  as are r e f l e c t i o n s  upon the 
s ta tus ,  p r e s t i g e ,  and morale o f  s c i e n t i s t s .  Only chaos c o u l d  be 
exoected i f  the  manager d i d  no t  have and d i d  not  exerc ise  the 
1 a u t h o r i t y  t o  make decis ions i n  these appropr ia te  areas. 
The exerc ise  o f  a u t h o r i t y  over the s e l e c t i o n  o f  research 
p r o j e c t s  and procedures, t h e i r  c o n t i n u s t i o n  o r  m o d i f i c a t i o n  o r  
te rm ina t ion  i s  o f t e n  q u i t e  another mat te r .  The t r u s t e d  senior  
s c i e n t i s t  would not  expect any l i m i t a t i o n  upon h i s  freedom t o  
act  i n  these mat te rs  and no i n t e l l i g e n t  manager would t r y  t o  
l i m i t  t h a t  freedom e i t h e r .  But a l l  s c i e n t i f i c  personnel a re  not  
q u a l i f i e d  senior  s c i e n t i s t s .  They come i n  complex forms: some 
very j u n i o r  and inexperienced, many who cannot make a dec is ion,  
o t h e r s  who have i n f e r i o r  judgment, the  f a n a t i c  and the  care f ree .  
I t  would c l e a r l y  no t  be safe f o r  the labora to ry  manager t o  de le-  
gate a u t h o r i t y  t o  these types t o  s e l e c t  and engage i n  science 
w i t h  complete freedom. Rather, he should reserve the  a u t h o r i t y  
I t o  in tervene as common sense would d i c t a t e .  People respond 
un ique ly  t o  the  exerc ise  o f  a u t h o r i t y ;  i t  i s  the  manager's du ty  
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t o  use i t  s e n s i t i v e l y .  He should be f i n e l y  a t tuned  t o  the  needs 
o f  people i n  o rder  t o  kncw how t o  use t h i s  power; t h a t  he has the 
c l e a r  a u t h o r i t y  t o  ac t  the re  should be no doubt.  
CHAPTER V 
STAFF1 NG THE LABORATORY 
Pecple make the  d i f f e r e n c e  and d i f f e r e n c e s  i n  the  a b i l i t i e s  
o f  people s p e l l  out  the  f u t u r e  f o r  any o rgan iza t ion .  I t  i s  
f o r  these reasons t h a t  the  s t a f f i n g  f u n c t i o n  o f  managers i s  so 
c r i t i c a l  and e s p e c i a l l y  those w i t h i n  the labora to r ies  because 
i t  i s  here t h a t  so much depends upon so few. The laws o f  average 
here 
do no t /p rov ide  s e c u r i t y  as they may v e r y  w e l l  achieve i n  la rge  
groups. Ths dec is ions  i n v o l v i n g  r e c r u i t i n g ,  developing 
and e v a l u a t i n g  s c i e n t i s t s  and t h e i r  manPgers a re  necessar i l y  made 
i n  the c l e a r  view o f  a l l ,  and the r e s u l t s  a r e  equa l l y  apparent.  
I t  was f o r  these reasons t h a t  considerable a t t e n t i o n  was g iven 
3 t o  the s t a f f i n g  f u n c t i o n  as i t  was c a r r i e d  ou t  i n  the  l a b o r a t o r i e s  
considered i n  t h i s  survey. 
E e c r u i t i n q  the  S c i e n t i s t  
The c r i t e r i a  a v a i l a b l e  t o  the r e c r u i t e r  o f  the inexperienced 
s c i e n t i s t s  are bound t o  be no tab ly  inadequate. The p o t e n t i a l  
employer wants him f o r  what he w i l l  produce and what t h i s  i s  has 
a very low c o r r e l a t i o n  w i t h  what can be known about him be fo re  
he has worked fo r  anyone. The r e c r u i t e r  w i l l  i n q u i r e  i n t o  the 
q u a l i t y  o f  educat ion received--but  he does t h i s  on the  b s s i s  o f  
s e l e c t i n g  graduate schools which he and h i s  compet i tors  h o l d  i n  
h i g h  esteem. That i s ,  the r e p u t a t i o n  o f  the school (which u s u a l l y  
covers a l l  i t s  graduates) i s  a  b lanke t  s h e l t e r i n g  a l l  those who 
graduate. The r e c r u i t e r  cen know something about t h e  q u a l i t y  o f  
the grading system used t o  evaluate s tudents.  The csnd ida te ' s  
d i s s e r t a t i o n  may be examined bu t  here again i t  i s  no t  known what 
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p a r t  the student c o n t r i b u t e d  o f  h imse l f .  D i s s e r t e t i o n  chairmen 
t y p i c a l l y  g ive  ve ry  c l o s e  guidance, p rov ide  a l t e r n a t i v e s ,  and 
c l o s e l y  f o l l o w  the progress o f  the d i s s e r t a t i o n .  Recru i te rs  l i k e  
t o  1001: i n t o  the length o f  t ime  i t  took a candidate t o  complete 
h i s  d i s s e r t a t i o n .  eut  t h i s  i s  a  vn lue less  b i t  o f  i n fo rmat ion .  
Time i s  c l o s e l y  r e l a t o d  t o  the degree i n  which the problem i s  
c o r r e c t l y  posed and the best means o f  a t t a c k  se lec ted .  The stud-  
ent  may be lucky on both counts, h i s  chairman may have done the  
work f o r  him, o r  the candidete nay r e a l l y  be a p o t e n t i a l  genius. 
The r e c r u i t e r  i s  u n l i k e l y  t o  know which i s  c o r r e c t .  He m y  i n -  
q u i r e  i n t o  the t e c h n i c a l  i n t e r e s t s  o f  the cnndidate t o  make cer -  
t a i n  t h a t  these co inc ide  w i t h  those o f  the  p o t e n t i a l  employer. 
Th is  i s  use fu l  w i t h  respect t o  broad areas o f  i n t e r e s t  bu t  
heavy r e l i a n c e  should not  be p laced upon t h i s  cons idera t ion  
because i n t e r e s t s  may be very  vague a t  t h i s  stage i n  a man's 
career ,  and they do change. A sound educat ion i n  science would 
be a much b e t t e r  c r i t e r i a .  F i n a l l y ,  the re  i s  the mat te r  o f  per-  
s o n a l i t y .  The p o t e n t i a l  employer would p r e f e r  t o  have a man who 
can get along w i t h  o thers  i n  h i s  labora to ry  s imply  becsuse i t  
makes I i F e  eas ie r  t 3  l i v e .  But he would not  t u r n  down a h i g h l y  
p roduc t i ve  man o r  a  genius j u s t  because he i s  a l s o  a d e v i l .  And 
how i s  a r e c r u i t e r  t o  know, anyway? Candidates a re  on t h e i r  best 
behavior a t  such a t ime. Perhaps i n s t r u c t o r s  can g i v e  an e s t i -  
mate o f  a  s tuden t ' s  wor th- -but  t h i s  i s  sub jec t  t o  many vagar ies 
because the  i n s t r u c t o r  cannot genera l ize.  A l l  i n  a l l ,  the  re -  
c r u i t e r  o f  newly graduated s c i e n t i s t s  must con t inue  t o  be guided 
by hope, a  l i t t l e  c h a r i t y ,  bu t  no f a i t h . 3 '  
3' A t r i n i t y  ve ry  fami l i a r  t o  research d i r e c t o r s .  See Cyr i  I 
OIDonnell, The S t r e t e  o f  Cor o r a t e  Research. San Francisco, 
Cal i f o r n i a :  Chandlerqrub-ny, 1967, p. 9 8 f f .  
The manegers hho toolc p e r t  i n  t h i s  aspec to f  the s tudy gave 
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no i n d i c a t i o n  o f  awareness o f  the  foregoing r e c r u i t i n g  problems. 
On the con t ra ry ,  the re  seemed t o  be a s t rong  sense o f  conf idence. 
The very  use o f  terms such as education, p e r s o n a l i t y ,  and ~ b i l i t y  
c a r r i e s  the i m p l i c a t i o n  tha t  these elements are knowable and 
1 
measurable There seems t o  be a  marked degree o f  na ive te  here. 
The c r i t e r i a  f o r  e v a l u a t i n g  the experienced s c i e n t i s t  who 
i s  a  candidate fo r  employment a r e  much b e t t e r .  An employer wants 
him f o r  h i s  p o t e n t i a l  p r o d u c t i v i t y  and the best i n d i c a t o r  i s  
c e r t a i n  t o  be h i s  past record.  I t  i s  even r e f r e s h i n g  t o  be 
f reed  from the u n c e r t a i n t i e s  o f  the t y p i c a l  campus recru i tment  
made, 
process and i n t e r v i e w  a  man w i t h  a  record - -a  record  he has/  whe- 
t h e r  good o r  bad, because he has l i v e d  beyond h i s  graduat ion.  
The record  w i l l  be a  complex o f  repor ts ,  papers, a r t i c l e s ,  books, 
1 
patents ,  and a c t u a l  l abora to ry  accomplishnents a t t e s t e d  t c  by 
past employers. I f  one may assume (and an i n q u i r y  should be 
made about t h i s )  t h a t  the record  r e f l e c t s  the candidate 's  own 
accomplishments and not  someone e l s e ' s  i t  i s  a  r e l a t i v e l y  easy 
mat te r  t o  evaluate i n  terms o f  volume, q u a l i t y ,  o r i g i n a l i t y ,  
and t e c h n i c a l  competence. With few excep t io r~s  the past fo recas ts  
the f u t u r e .  
The managcrs responding t o  t h i s  quest ion f a i t h f u l l y  fo l l owed 
t h i s  technique. The records o f  candidates were combed w i t h  pa- 
t ience,  great  care was taken t o  make sure the cand ida te ' s  
techn ica l  i n t e r e s t s  were complementary t o  those o f  the 
laboratory ,  and in te rv iews  were conducted t o  check ou t  the 
p e r s o n a l i t y  f a c t o r .  O f  n ine  managers involved, four  mentioned 
t e c h n i c a l  competence, th ree  l i s t e d  p e r s o n a l i t y ,  and two mentioned 
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educat ion and o r i g i n a l i t y  as f e c t o r s  o f  spec ia l  iniportance. 
Elements mentioned once inc luded references, in te rv iew,  exper- 
ience, p u b l i c a t i o n s ,  p r o d u c t i v i t y ,  and i n t e r e s t s .  I t  would appear 
t h a t  the recru i tment  o f  experienced s c i e n t i s t s  has achieved a 
s a t i s f a c t o r y  l e v e l  o f  s o p h i s t i c a t i o n  cons ider ing  our present 
a b i l i t y  t o  know people. 
The s c i e n t i s t s  who repor t  t o  these managers have a  good 
deal t o  do w i t h  the rec ru i tment  o f  new members o f  :he labora to ry .  
They r e l i e d  h e a v i l y  upon past  performance and t e c h n i c a l  compe- 
tence o f  the candidate, twenty ment ion ing these f z c t o r s .  Com- 
p a r a t i v e l y ,  the re  were twelve mentions each o f  educat ion and 
references, n i n e  mentioned coincidence o f  i n t e r e s t ,  and e i g h t  
c i t e d  p e r s o n a l i t y .  While the  s c i e n t i s t s  genera l l y  ~ g r c e d  w i t h  
t h e i r  super io rs ,  the re  was a  marked d i f f e r e n c e  i n  t h e i r  r e l i a n c e  
upon educat ion and references.  O f  course, no manGger would under- 
va lue  these f a c t o r s  i f  con f ron ted  w i t h  the quest ion, but  the 
mere f a c t  t h a t  the managers r a r e l y  mentionzd them w h i l e  t h e i r  
subord inates p lacsd  considerable emphasis here may i n d i c a t e  t h a t  
s c i e n t i s t s  have a  broader f i e l d  o f  re ference than t h e i r  managers. 
The p r o f e s s i o n a l  man i s  imbued w i t h  the values associated w i t h  
graduat ing from an esteemed u n i v e r s i t y ,  and w i t h  the op in ions  o f  
h i s  peers. The manager, guided by the record,gets c l o s e r  t o  
the q u a l i t i e s  t h a t  p o i n t  t o  the p o t e n t i a l  p r o d u c t i v i t y  o f  
s c i e n t i s t s .  
Appra isa l  o f  S c i e n t i s t s  
Appra isa l  o f  subordinates i n  organized a c t i v i t y  i s  a  u n i v e r -  
s a l  p r a c t i c e .  S c i e n t i s t s  a re  appraised, a long w i t h  o thers ,  
though there  i s  a  no tab le  lack  o f  enthusiasm f o r  t h e  p r a c t i c e  
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d isp layed  by a l l  p a r t i e s  concerned. The purpose o f  r e g u l a r l y  
e v a l u a t i n g  subordinates i s  t o  p rov ide  a bas is  f o r  the  adminis- 
t r s t i o n  o f  an i n c e n t i v e  system. Managers d i s c r i m i n a t e  i n  order  
t o  e s t a b l i s h  a r a t i o n a l  bas is  f o r  d i s t r i b u t i n g  the rewards o f .  
s a l a r y ,  pronlotion, and s ta tus  symbols on the one hand, and f o r  
assessing t, 'anegative incen t i ves .  Why i s  t h i s  eva lua t ion  process 
deemed necessary7 The usual response t o  t h i s  quest ion always 
inc ludes a d e s i r e  t o  show apprec ia t ion  f o r  good work coupled w i t h  
the enticement o f  good employees t o  s tay  w i t h  the en te rp r i se .  
and the de te rmina t ion  not  t o  support a  man who i s  irnprodvcti\,e 
and uncooperat ive. This p r a c t i c e  o f  i n d i v i d u a l  me?suremnt 
i s  a  key f a c t o r  i n  the development o f  western c i v i l i z a t i s n  and i s  
so cornonly accepted t h a t  i t s  uniqueness i s  scarce ly  q ~ e s t i o n e d .  
Appra isa l  o f  Research 
1 
Menagers appra ised the work o f  t h e i r  s c i e n t i s t s  i n  a wide 
v a r i e t y  o f  ways. Q u a n t i t y  and q u a l i t y  o f  the  work and the 
eva lua t ions  o f  o u t s i d e r s  were the bas ic  cons idera t ions .  About 
h a l f  the managers concentrated upon the  q u a n t i t y  o f  the work 
tu rned  ou t  6s messured by the  complet ion o f  phascs o f  the  
research o r  the s o l u t i o n  o f  the  problem i t s e l f .  The q u a l i t y  o f  
the work was important t o  a few managers. These were concerned 
about the  t e c h n i c a l  excel lence,  o r i g i n a l i t y  o r  m e r i t  o f  the 
accomplishments. Those managers who r e l i e d  upon o u t s i d e r s '  
appra isa l  o f  the  work o f  t h e i r  s c i e n t i s t s  looked t o  such th ings  
as p u b l i c a t i o n s ,  peer evaluat ions,  and government c o n t r a c t s  
which r e s u l t e d  from research a c t i v i t y .  
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The managers were by no means agreed upon the proper eva l -  
u a t i o n  methods. Those i n  en te rp r i ses  which depended upon and 
expected p o s i t i v e  r e s u l t s  from t h e i r  l a b o r a t o r i e s  tended t o  
s t ress  the accomplishment o f  research p lans.  Those f a r t h e r  
removed from product  o r i e n t a t i o n  tended t o  s t ress  the p r e s t i g e  
gained through o u t s i d e  r e c o g n i t i o n .  
A m a j o r i t y  o f  the s c i e n t i s t s  f e l t  q u i t e  sure t h a t  they 
knew how t h e i r  work was evaluated but  the remainder were ve ry  
unsure. Most o f  those who had p o s i t i v e  ideas about the ques t ion  
thought t h a t  t h e i r  p u b l i c a t i o n s  and t h e i r  conolete~!  work were 
the bases f o r  a p p r a i s a l .  On the  o ther  hand, a  t h i r d  o f  the s,-ienh;: 
e i t h e r  d i d  not  know how t h e i r  work was appraised o r  d i d  r o t  
answer the quest ion.  Eerc again i t  seems apparent t 8 . a t  i f  t h e i r  
super iors  were r e a l l y  convinced t h a t  i t  was impor tsnt  f o r  the 
s c i e n t i s t  t o  know how he was appraised they would s u r e l y  have 
comnunicated~the b a s i s  f o r  measurement. 
I f  the  s c i e n t i s t s  themselves were requ i red  t o  evaluate t h e i r  
own work they would errphasize t h e i r  growing understanding o f  
phenomena as measured by s o l u t i o n s  t o  problems, and by t h e i r  pub- 
l i c a t i o n s ,  which c o n f i r m  the  q u a l i t y  and o r i g i n a l i t y  o f  the work 
as judged by t h e i r  peers. Thus, the s c i e n t i s t s  would measure 
t h e i r  p r o d u c t i v i t y  i n  the sane way t h a t  they tllink t h e i r  super- 
b r s  a re  appra is ing  i t .  These men a re  c e r t a i n  t h a t  they know h w  
t o  measure t h e i r  own work but  they a r e  not  much concerned about 
comparat ive standards. 
This  c e r t i t u d e  undoubtedly c a r r i e s  over i n t o  the  managerial  
group. Since these men were once s c i e n t i s t s ,  they 
a re  c e r t a i n  t h a t  they know how t o  evaluate t h e i r  subord inate 's  
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i n  l a b o r a t o r i e s  i n  which they had a  pre~tonderate vo ice  i n  the 
eva lua t ion .  As one o f  them s ta tes ,  "General p o l i c y  i s  t o  h i r e  
wel l-above-average s c i e n t i s t s  t o  work i n  d e s i r a b l e  research 
areas and a l l o w  them t o  determine what i s  the s i g n i f i c a n t  re-  
search t o  be done i n  t h i s  area and t o  c a r r y  i t  ou t  e s s e n t i a l l y  
on t h e i r  own. What i s  appra ised i s  the f i n a l  r e s u l t .  Th is  i s  
a  t r i c k y  business unless you know the s c i e n t i s t s  invo lved  a re  
good. Ac tua l l y ,  younger s c i e n t i s t s  and those whose a b i l i t y  has 
not  yet been ascer ta ined  should be encouraged t o  s t a r t  o f f  i n  
some degree o f  a s s o c i a t i o n  w i t h  a  more senior  s t a f f  s c i e n t i s t . "  
Over -A l l  Ra t ing  o f  S c i e n t i s t s  
The o v e r - a l l  r a t i n g  o f  s c i e n t i s t s  i s  p r a c t i c e d  almost u n i -  
v e r s a l l y .  A standard form i s  used by e i g h t  o f  n ine  managers. 
) There i s  a  considerable resemblance between these forms, s ince 
i t  i s  a  p r a c t i c e  o f  managers t o  see the forms usad by o thers  
and t o  canabal ize them when t h i s  promises t o  improve t h e i r  own 
technique. The s c i e n t i s t s  a re  a  b i t  i r r e v e r e n t ,  as i s  t y p i c a l  o f  
o ther  employees. i n  t h e i r  references t o  the r a t i n g  form Since 
i t  i s  l i k e l y  t o  sumnarize the est imate o f  a  super io r  concern ing 
t h e  man's knowledge, t e c h n i c a l  judgment, l eve l  o f  e f f o r t .  r e l a -  
t i o n s h i p s  w i t h  intracompany personnel,  and h i s  r e c o g n i t i o n  by 
octernal peers, the i n d i v i d u a l  s c i e n t i s t  r e f e r s  t o  t h i s  as a  
score sheet, r e p o r t  card, quest ionnai re,  and numerical review 
( t h e  elements a re  weighted) .  The r a t i n g  occurs e i t h e r  annua l l y  
or semi-annual ly and w i t h  th ree  exceptions i t  i s  done by the im- 
med ia te  super io r .  I n  these except ions a  c o r n i t t e e  whose member- 
I s h i p  i s  comprised o f  a  represen ta t i ve  o f  the  s a l a r y  a d m i n i s t r a t i o n  
board, the  d i r e c t o r  and associate d i r e c t o r s  o f  the  laboratory ,  
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and sometimes one o f  the  group leaders. 
The s c i e n t i s t s  then~selves, i n  the r a t i o  o f  one i n  four  d i d  
n o t  know any th ing  about the r a t i n g  processes. Of the ' 9  who 
knew there  was a  p e r i o d i c  appra isa l ,  n i n e  were wrong about who 
@pra ised  them and e i g h t  d i d  not  know how f requen t l y  they were 
ra ted .  I t  i s  apparent t h a t  the managers have a  system bu t  t h e i r  
subordinates d o n ' t  understand i t  Can they pretend i t  i s  o f  
any va lue  t o  s c i e n t i s t s  under these circumstances? I f  no t ,  
perhaps the main reason f o r  i t s  ex is tence i s  t o  s a t i s f y  the 
requirement o f  someone i n  a d m i n i s t r a t i o n  f o r  a  "form." use fu l  
o r n o t .  
~ t~ r rmary  
The managers o f  s c i e n t i s t s  are c e r t a i n l y  cons is ten t  i n  the 
execution nf t h e i r  s t a f f i n g  f u n c t i o n .  A l l  were very con f iden t  
o f  t h e i r  a b i l i t v  t o  se lec t  men f o r  t h e i r  s t a f f  but they r e a l l y  
should not  have been. Near ly  a l l  o f  them had terminated one 
o r  more s c i e n t i s t s ,  u s u a l l y  f o r  low p roduc t ion  and incompetence. 
One may w e l l  guess tha t  those who were separated from the p a y r o l l  
were new graduates--men whom i t  i s  very d i f f i c u l t  t o  evaluate 
I f  t h i s  i s  not  the case, then the employment o f  i t i n e r e n t  sc ien-  
t i s t s  was a  ca re less  process indeed. 
The research work i t s e l f  was c o n s i s t e n t l y  evaluated To 
a  g rea te r  o r  lesser  degree the e v a l u a t i o n  was accomplished 
through an agreement between the s c i e n t i s t s  and t h e i r  managers 
Th is  p r a c t i c e  r e f l e c t s  most favorably  upon the s c i e n t i s t s  them- 
se lves:  they con f i rm our  common concept ion o f  men who have the  
charac te r  t o  l i v e  by t h e i r  own standards o f  excel lence.  The 
f a c t  t h a t  so many d i d  no t  know how t h e i r  super io rs  evaluated 
l i 4  
research work p o i n t s  up a  c m l o n  i n e f f i c i e n c y  on t h e  p a r t  o f  
I 
managers i n  c o m u n i c ~ t i n g  w i t h  subord inates.  
S c i e n t i s t s  a , ,  u n i v e r s a l l y  appra ised on an o v e r - a l l  bas is .  
Th is  process i s  w e l l  understood by t h e i r  managers who get  the 
j o b  done. But the re  i s  room f o r  the susp ic ion  t h a t  they do sc 
u n b e l i e v i n g l y  because t h e i r  own subordinates a re  l a r g e l y  con- 
fused about the procedure. Laboratory  p r a c t i c e  i s  most pa ins-  
t a k i n g  about e v a l u a t i n g  research accomplishments but  r e f l e c t s  
a  no tab le  lack o f  enthusiasm f o r  the o v e r - a l l  eva lua t ion  o f  
s c i e n t i s t s .  Th is  does not mean t t w t  s c i e n t i s t s  don ' t  want t o  
be evaluated: i n  f a c t ,  they ve ry  l i k e l y  do. I t  does mean t h z t  
t + e : -  managers a r e  a t  f a u l t  here because they are admin is te r ing  
a  system tha t  they know w i l l  o f t e n  c r e a t e  t r o u b l e  due t o  i t s  
1 s u b j e c t i v e  con ten t * -a  d e f i c i e n c y  e n t e r p r i s e  wide i n  i t s  o p o l l -  
c a t i o n .  
DIALOGUE OF THE SEMINARIANS 
DR. O'DONNELL: The major t o p i c  t h a t  I hope we w i l l  discuss 
today i s  the degree t o  which the p r o d u c t i v i t y  o f  the  i n d i -  
v i d u a l  s c i e n t i s t  i s  a f f e c t e d  by the management process. One o f  
the  th ings  we a re  sure o f ,  as managers o f  s c i e n t i s t s ,  i s  t h a t  
we a r e  not  h i r i n g  a  machine. O f  course, we want the  a t t r i b u t e s  
o f  the i n d i v i d u a l  s c i e n t i s t ,  h i s  i n t e l l i g e n c e ,  h i s  c u r i o s i t y  and 
h i s  imaginat ion,  h i s  t r a i n i n g ,  and we hope these q u a l i t i e s  
wi 1 1  make him p roduc t i ve .  But,  i n  add i t i on ,  .we- mi l< *  h i  r e  the 
whole man. I o f t e n  t h i n k  tha t  the managers o f  s c i e n t i s t s  some- 
times fo rge t  t h a t  they cannot have p a r t  o f  the man; they 've  got 
to take the whole t h i n g ,  and sowe o f  the  a t t r i b u t e s  o f  h i s  hbman 
na tu re  a re  i n  c o n f l i c t ,  r e a l l y ,  w i t h  h i s  p o t e n t i a l  f o r  produc- 
t i v i t y .  
env i ronnienta 1 
The manager i s  p r i m a r i l y  concerned about e l i m i n a t i n g  the / 
f r u s t r a t i o n s  o f  the  s c i e n t i s t ,  reducing the  amount o f  t ime t h a t  
h e  spends on non-product ive work, and i n s p i r i n g  the s c i e n t i s t  
t o  b e t t e r  and g rea te r  th ings  i n  h i s  own p a r t i c u l a r  area. We 
have a  concept o f  what the management process w i l l  do o r  can do 
i n  t h i s  respect .  The manager o f  s c i e n t i s t s  c rea tes  an envi ron-  
ment i n  which the genius o f  the s c i e n t i s t  can be brought t o  bear 
on h i s  research. I n  e x p l o r i n g  the re levan t  issues perhaps we 
mi.ght f i r s t  i n q u i r e  i n t o  the  quest ion, "What does the  s c i e n t i s t  
expect o f  h i s  superv iso r?"  
DR. FRANTZ: Well ,  you c a n ' t  say what the  s c i e n t i s t  i n  
general expects. Perhaps I  can say what I expect o r  what I 
would l i k e ,  and t h a t  i s  p r i n c i p a l l y  t o  choose the  type  o f  work 
t h a t  I want t o  do even i f  i t  comes w i t h i n  a  c e r t a i n  bound o f  
I16  



o f  c o n j e c t u r i n g .  Well, he may no t  stop i t ,  b u t  a t  l eas t  i t  i s  
) recognized t h a t  somebody i s  aware o f  the  problem. He 
doesn't  have a l l  t h e  answers, and I t h i n k  t h a t  the  s c i e n t i s t s  
a re  very s e n s i t i v e  t o  t h i s  s o r t  o f  t h i n g .  
DR. LYON: That i s  a  good way o f  say ing how a superv isor  
should behave as a comnunicator, as t o  whom he has t o  represent- -  
the  s c i e n t i s t  t o  management and t h e  management t o  the  s c i e n t i s t .  
So he i s  a p e c u l i a r  machine w i t h  a c m p l e x  f i l t e r i n g  system t h a t  
passes on what in fo rmat ion  should be passed on i n  t h i s  d i r e c t i o n .  
I t  can be very d i f f i c u l t  t o  do t h a t  s o r t  o f  t h i n g .  
DR. SILVERMAN: 1 would l i k e  t o  t e l l  an i n t e r e s t i n g  s t o r y .  
We r e c e n t l y  were t r y i n g  t o  s t a r t  up a f a i r - s i z e d  p r o j e c t  i n  our 
company and the funding was coming from another o r g a n i z a t i o n .  
When i t  came t o  choosing the man who was t o  head up t h i s  p ro -  
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j e c t ,  we reviewed a number o f  candidates w i t h  t h i s  o rgan iza t ion .  
One o f  the two represen ta t i ves  o f  t h i s  o ther  o r g a n i z a t i o n  was 
a business man. I suggested t o  him a few people t h a t  I thought 
were j u s t  i dea l ,  and p a r t i c u l a r l y  one who had a long l i s t  o f  
p u b l i c a t i o n s .  He took one look a t  i t ,  and he said, "Obviously 
t h i s  man i s n ' t  ready t o  be a manager ye t , "  and r e j e c t e d  him r i g h t  
away. 
I n  t h i s  man's mind anybody who i s  s t i l l  spending t ime doing 
c r e a t i v e  science c o u l d  no t  a l s o  be a manager. 
I t h i n k  t h i s  a l s o  p o i n t s  up very  s u c c i n c t l y  the  problem 
t h a t  a  research man as manager faces. On the  one hand, he has 
g t t o  keep the respect  o f  t h e  s c i e n t i s t s  t h a t  work f o r  him who a r e  
1 young, eager people, mos t l y  ve ry  i d e a l i s t i c  about t h e i r  chosen 
p ro fess ion .  Onthe o ther  hand, he has t o  keep t h e  respect o f  h i s  
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super io rs  who a re  hard headed business people and do no t  apprec i -  
a t e  the scientist j u s t  fo r  the  s c i e n t i s t ' s  sake. The f i r s t - l i n e  
superv isor  i n  a research o r g a n i z a t i o n  i s  r e a l l y  a  s p l i t  person. 
I t h i n k  ho kas got  one o f  the most d i F f i c u l t  jobs.  
DR. HAMERMASH: I t h i n k  you probably  would p r e f e r  t h a t  our  
superv isors be s c i e n t i s t s  before they become superv isors.  I 
cannot v i s u a l i z e  i n  any labora to ry  where t h i s  would not  be t rue .  
DR. O'DONNELL: Should he be a f u l l - t i m e  s ~ r p e r v i s o r  when he 
i s  p r a t e d  t o  t h i s  p o s i t i o n  o r  should he c a r r y  on some oer rana l  
research i n  a d d i t i o n  t o  do ing managerial  d u t i e s ?  
DR. HAMERMASH: I was going t o  ask the  group t h i s  quest ion: 
When a t h e o r e t i c a l  p h y s i c i s t  becomes a manager, I have seen him 
ab le  t o  j u g g l e  b o t h  o f  these func t ions ,  but  I have been i n  s i t -  
ua t ions  where I  have seen experimental p h y s i c i s t s  become managers, 
and I have yet  t o  see t h i s  work ou t  success fu l l y  because o f  i t s  
compet i t i ve  aspects. 
No P------------------------------------------------ I n  it .2 E X -  
per imenta l  group he i s  competing w i t h  a l l  the o thers ,  and h i s  
p o s i t i o n  as leader j u s t  s p o i l s  the s i t u a t i o n .  
140 P-Has anyone seen a successfu l  experimentor be ing the d i r e c t o r  
o f  a  research group and a c t u a l l y  a c t i v e l y  running h i s  research? 
DR. SILVERMAN: The t r o u b l e  i s  what you mean by " D i r e c t o r "  
and what you mean by "management." Again, does anybody i n  a 
management p o s i t i o n  f i n d  h i s  managerial  d u t i e s  t o  be as la rge  i n  
one o r g a n i z a t i o n  as i n  another. 
Now, I t h i n k  the re  a re  ~dvan tages ,  b u t  the re  a re  some d isa -  
dvsntages t o  a manager who i s  a  s c i e n t i s t  pa r t - t ime .  
I t h i n k  t h a t  most s c i e n t i s t s  f e e l  t h a t  i f  they a re  any good 
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a t  a l l  what they a r e  doing i s  q u i t e  important,  a t  l eas t ,  t o  
them. I f  i t  i s n ' t ,  then they shouldn ' t  be doing i t .  I t h i n k  
es they go h igher  up the  ladder and a r e  s t i l l  doing science, then 
I t h i n k  you a r e  r i g h t .  The managerial  aspect tends t o  s l i d e  
because they tend t o  be more i n t e r e s t e d  i n  t h e i r  own area o f  
science, fo r  example, than i n  o ther  areas o f  science. I t h i n k  
t h i s  can get ou t  o f  hand, bu t  I t h i n k  a t  t h e  f i r s t - l i n e  l e v e l  
t h a t  most o rgan iza t ions  are reasonably o r i e n t e d  s c i e n t i f i c a l l y .  
I t h i n k  t h a t  even an exper imenta l i s t ,  i f  he doesn ' t  have 
too la rge  a group, can be successful.  Maybe t h a t  i s  p a r t  o f  the  
key. 
DR. HAMERMASH: What do you mean by f i r s t - l i n e ,  and how b i g  
a group? 
1 DR. SILVCRMAN: L e t ' s  say the re  i s  a group no more than  h a l f  
a dozen people, f o r  example. 
DR. HAMERMASH: Then, I t h i n k  we a r e  t a l k i n g  about d i f f e r e n t  
th ings .  I am t a l k i n g  about a much la rger  group than t h a t .  
DR. DONNA WILSON: I would l i k e  t o  respond t o  your 
quest ion about the d i f f e r e n c e  between the  a t t i t u d e  o f  the  jheore -  
t i c a l  and the  experimental p h y s i c i s t .  
I t  seems t o  me t h a t  we do know a l o t  about t h e  k i n d  o f  en- 
vironment t h a t  produces good science. I want t o  d e f i n e  what 
I mean. Most o f  us do have some c r i t e r i a  f o r  j u d g i n g  oood 
science. The words used around t h e  roomtodescr ibe  t h i s  env i ron-  
ment were p r o t e c t i v e ,  suppor t ive,  r a t i o n a l ,  and reasonable. So 
the  ques t ion  t h a t  we c o u l d  concern ourselves w i t h  i s ,  "How c o u l d  
we produce t h i s  k i n d  o f  an environment?" 
t h i s  i s  
We c o u l d  d isagree whether / the  k i n d  o f  environment t h a t  
supports good science bu t  i f  i t  i s  the k i n d  o f  environment t h e t  
docs support i t ,  then I t h i n k  t h a t  we cou ld  ve ry  s p e c i f i c a l l y  say 
t h a t  the manager has t o  ask how h i s  procedure o f  management a f -  
f e c t s  t h e  environment. 
I d o n ' t  t h i n k  we can r e q u i r e  s p l i t t i n g  t h e  manager i n  two. 
H is  i s  a f a c i l i t a t i n g  k i n d  o f  opera t ion  which has a very  
h igh  value. I t  may be t h a t  our  c u l t u r e  does not  support t h i s  
type o f  value, b u t  I would argue from the p o i n t  o f  view o f  a 
woman again, t h a t  t h i s  i s  her highest. value, and i t  i s  r e a l l y  o 
very s a t i s f y i n g  one. I don ' t  t h i n k  she has t o  compete w i t h  the  
members o f  the group t h a t  she i s  o rgan iz ing .  She can s t i l l  
have a h i g h  va lue f o r  f a c i l i t a t i n g  the e n v i r o n m n t  which w i l l  
bes t  scrvc the mcn~bers o f  her fami l y .  
DR. SALZER: I s  i t  necessary f o r  the  manager t o  do sc ien-  
t i  f i c  work? 
DR. DONNA WILSON: Nq I would say t h a t  the  h ighes t  va lue as 
a manager must be the environment he creates which w i l l  produce 
science. 
DR. SALZER: But can he c r e a t e  an environment w i thou t  
himse!f  doing s c i e n t i f i c  work so t h a t  he can understand and 
sense the problems, mot i va t ions ,  forces,  values o f  what goes on 
i n  t h e  labora to ry?  
DR. ALBERT WILSON: I f e e l  t h a t  the ques t ion  i s  no t  whether 
b u t  
the manager i s  c u r r z n t l y  doing science,/ whether he i s  a 
s c i e n t i s t .  I n  o rder  t o  understand what t h e  research process 
1 is,  you nus t  have done research a t  some t ime i n  your 
career .  The man who has no f e e l i n g  f o r  research has no business 
direc:ing research. 
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Now, as t o  tbe  ques t ion  about do ing research c u r r e n t l y  
w h i l e  a l s o  Invo lved  i n  managerncnt. The d i f f i c u l t i e s  o f  do ing 
t h i s  o re  c l e a r  t o  everyone who has t r i e d .  I Feel t h a t  the re  
may be two s o l u t i o n s  t o  t h i s :  A person cou ld  be invo lved  i n  
management f u l l - t i m e  f o r  a  season and then go back 2nd do 
research f u l l - t i m e .  I f e e l  a  maqager clay get ou t  o f  touch. Th is  
a c u i t y  t h a t  you were speaking o f  begins t o  d e t e r i o r a t e  unless 
you get  d i r e c t l y  invo lved  i n  research every so o f t e n .  Could we 
convince managers t o  adopt a  p a t t e r n  i n  t h e i r  a c t i v i t i e s  so as 
t o  manage f o r  a  few years, then take sabba t i ca l  leave, end go 
back t o  do research f o r  a  year? I t h i n k  once you hcve reached 
the management stage you d o n ' t  want t o  do t h i s  s o r t  o f  th ing ,  
bu t  I t h i n k  i t  i s  important t o  do something l i k e  i t .  
A second p o s s i b l e  s o l u t i o n  t o  the problem i s  t o  t r y  t o  
schedule a l l  managerial  and communicative tasks so as t o  lump 
them together  as much as p o s s i b l e  i n  o rder  not  t o  i n t e r r u p t  
research except a t  scheduled times. h t  our labora to ry  we have 
th ree  days a week reserved so t h a t  nobody w i l l  be i n t e r r u p t e d  
unless i n  a r e a l  emergency, and two days a week are f o r  seminars, 
committees, e tc .  Th is  g ives  us a t  l eas t  some t ime each week 
d u r i n g  which we can work u n i n t e r r u p t e d l y .  
I would l i k e  t o  ask the  quest ion, "What i s  the r o l e  o f  
i n t e r r u p t i o n  i n  c r e a t i v i t y  o r  i n  the  d e s t r u c t i o n  o f  c r e a t i v i t y - -  
what a r e  the  bas ic  t ime  spans t h a t  research people need f r e e  
o f  i n t e r r u p t i o n  t o  t h e i r  work?" I would l i k e  t o  hear from those 
who have sware experience bear ing  on t h i s  issue. 
DR. LYON: I c a n ' t  speak from experience on tha t ,  bu t  I 
would t h i n k  t h a t  i n t e r r u p t i o n  a f t e r  a  p e r i o d  o f  h ~ l f  a  day, four  
t o  s i x  hours, say, might be h e a l t h y .  Your a t t e n t i o n  span i s  
t h a t  
c e r t a i n l y  no more t h a n / i f  you work on any g iven thought.  
I guess t h a t  i t  depends on the  type and t h e  ex ten t  o f  the 
i n t e r r u p t i o n ,  however. The way t h a t  you handle them a t  Douglas 
sounds very good, a  p e r i o d  o f  severa l  days where you can work 
u n i n t e r r u p t e d l y ,  dhzre you choose t o  have i t  be t h a t  way. 
I t h i n k  t h a t  from my own experience I would observe t h a t  
most o f  the i n t e r r u p t i o n s  t h a t  one experiences a r e  from ynur 
associates--your  o f f i c e  mates o r  your f r i ends- -and  t h i s  i s  
j u s t  p a r t  o f  l i f e .  There i s  no way you can p r o t e c t  someone 
q a i n s t  t h a t .  
DR. SALZER: I would l i k e  t o  exp lo re  t h i s  ques t ion  o f  swirch- 
ing  from managernene t o  research. What would be a reasonable 
schedule. th ree  years a t  a  t im o r  something l i k e  t h a t ?  I f i n d  
i t  d i f f i c u l t  t o  see how t h i s  can be done anywhere i n  general 
terms. I t  looks l i k e  i t  i s  a  s i t u a t i o n  wherein a l l  your pub- 
l i c a t i c n s  would be c o i n c i d e n t a l  w i t h  your management "per iod"  and 
v i c e  versa. Secondly, i t  i s  not  ve ry  easy t o  get back i n  the  
swing. You become recognized as something l i k e  an exper t  i n  some 
f i e l d  and people c a l l  on you to g i v e  speeches and w r i t e  papers and 
they a r e  recep t i ve  t o  your output .  Then you say, "Now, Eeave 
me alone. I am going t o  manage f o r  th ree  years l ' and  then th ree  
years l a t e r  come back and say, "Why don ' t  you c a l l  me now? I am 
no t  managing any more." 
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These f i v e  f a c t o r s  I t h i n k  w i l l  govern the na tu re  o f  manag- 
ing. Th is  doesn't  mean t h a t  i t  w i l l  be t h e  same f o r  t h e  labora- 
t o r y  d i r e c t o r  who can be q u i t e  f a r  'removed from the  s c i e n t i s t .  
To i n t e l l i g e n t l y  d iscuss the  i n t e r a c t i o n  o f  s c i e n t i s t s  w i t h  
management, we must f i r s t  d e f i n e  the managerial  l e v e l  t o  be 
considered. Who a re  we t a l k i n g  about? The chap c l o s e s t  t o  t h e  
s c i e n t i s t  o r  the one f u r t h e s t  away? Then we should consider  the 
f i v e  f a c t o r s  mentioned above. 
DR. HAMERMASH: I p r e f e r  t h a t  we t a l k  about someone who 
manages a group o f  f i f t y  t o  a hundred and f i f t y  t e c h n i c a l  people 
r a t h e r  than the smal l  department o f  three, four ,  f i v e  o r  s i x .  
DR. O'DONNELL: You have a d i r e c t o r  o f  the  labora to ry  i n  
mind? 
DR. HAMERMASH: Th is  business o f  t i t l e s - - d i r e c t o r s ,  and 
1 managers--and no one has s a i d  any th ing  about the snobbery aspect 
o f  t h i s  which i s  very,  ve ry  impor tant .  As you w e l l  know i n  our 
o rgan iza t ion ,  the word " d i r e c t o r "  i s  reserved j u s t  f o r  the  
research o rgan iza t ion ,  and people a t  comparable l e v e l s  i n  the 
o t h e r  p a r t s  o f  the  o r g a n i z a t i o n  a re  managers. 
Now, personal l y ,  whenever I hear the  word "manager," I 
always t h i n k  o f  Casey Stengel s tanding i n  the dugout. 
DR. SILVERWAN: 1 would l i k e  comment on Bernard 's  remark 
about Casey Stengel.  I d o n ' t  see any th ing  wrong w i t h  t h i s  
concept p e r s o n a l l y .  I wonder i f  maybe there i s n ' t  a  r o l e  i n  
science f o r  t h i s  type, a  manager who has a number o f  s t a r s  
work ing f o r  him. We take  a s t a r - - 1  d o n ' t  care what g ree t  sc ien-  
t i s t  we care t o  mention--and we say, " A l l  r i g h t .  Here i s  your 
labora to ry ;  here i s  your s a l a r y .  I t ' s  going t o  be g rea te r  than 
the manager's. Your p r e s t i g e  i s  93 ing t o  be g rea te r ,  bu t  
a d m i n i s t r a t i v e l y  t h i s  manager has got t o  t e l l  you what your 
budgets a re  and h e ' s  got t o  get your equipment f o r  you. He i s  
your manager. He i s  g3 ing t o  t e l l  you what p o s i t i o n  t o  p lay,  
and he may t e l l  you how t o  p l a y  i t . "  
I wonder i f  maybe there  i s n ' t  some room f o r  t h i s  concept 
o f  management i n  research labora to r ies .  I  d o n ' t  know whether 
the re  i s  any p lace where i t  i s  work ing o r  where anybody has 
t r i e d  i t .  
DR. SALZER: I would l i k e  t o  step back a moment because we 
are g e t t i n g  i n t o  a p o i n t  t h a t  bothered me. What i s  the  purpose 
cf the  research o r g a n i z a t i o n  t h a t  you a re  examining? Th is  i s  
r e a l l y  what we want t o  s t a r t  ou t  w i t h  because then management 
cons idera t ions  w i l l  f a l l  i n t o  p lece.  The reason we have a 
la i ssez  f a i r e  a t t i t u d e  i n  t h i s  k i n d  o f  opera t ion  i s  because 
o b j e c t i v e s  a r e  ext remely d i f f e r e n t .  I f i n d  about th ree .  One i s  
e s s e n t i a l l y  the  u n i v e r s i t y  where you say, "Do good work. Get 
something o r i g i n a l .  I have leaders here t o  s t i m u l a t e  you. In -  
t e r a c t  w i t h  them SO t h a t  you know t h a t  your research i s  meaningful 
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and good and i s  not  r e p e t i t i o u s . "  
t Here the purpose i s  t o  c r e a t e  new th ings- - the  k i n d  t h z t  Dr. 
Libby t a l k e d  about- -wi thout  regard t o  exact in fo rmat ion  but  more 
t o  c r e a t e  something. I want t o  say t h a t  I quest ion the  va lue  o f  
these th ings  unless something i s  done w i t h  them. This- 
b i g  problem. This i s  what these gentlemen t a l k e d  about when they 
r e f e r r e d  t o  a d i r e c t o r  o f  t h c  b a s i c  
research labora to r ies ,  t h e  l a i  ssez f a i  r e  operat ion. 
The o t h e r  two t h a t  I can d i s t i n g u i s h  a re  i n d u s t r i a l  but  
very d i f f e r e n t  i n d u s t r i a l l y .  One o f  them i s  s t r i v i n g  f o r  govern- 
ment c o n t r a c t s  almost a t  the  expense o f  g i v i n g  up p r o p r i e t a r y  
r i g h t s ;  and the o t h e r  would not accept a  government c o n t r a c t  
The l a t t e r  a re  the ones who say t h a t  we want a l l  the research t o  
be p r o p r i e t a r y :  he lp  us t o  e s t a b l i s h  some p o s i t i o n  t h a t  beats 
out  a l l  compet i t ion.  
Now, t h e i r  whole approach t o  l i f e  i s  d i f f e r e n t ,  and Dr. 
Frantz  would not have t o  do so much s e l l i n g  i f  he worked f o r  the  
l a t t e r  one because he wouldn ' t  have t o  get c o n t r a c t s  t o  support 
t imse l f .  You would have t o  show tha t  what you are doing r e l a t e s  
t o  the  type o f  business t h a t  you decided t o  be i n  and i n  the  
type o f  p roduc t ion  t h a t  you want t o  c rea te .  
As you take these th ree  c lasses t h e i r  problems a r e  d i f f e r e n t  
and t h e i r  management t o  some ex ten t  i s  d i f f e r e n t .  But I s t i l l  
t h i n k  tha t ,  regard less,  t h e r e  a re  some th ings  t h a t  you can say 
about a l l  th ree  types o f  managers and s c i e n t i s t s  t h a t  a r e  com- 
p l e t e l y  general and t h i s  i s  impor tant .  
DR. 0' DONNELL: Could you f i n d  a key word t o  descr ibe those 
types o f  environment? The f i r s t  one would be la i ssez  f a i r e .  
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DR. SALZER: Yes, S.aissez f a i r e .  
DR. O'DONNELL: And you would pu t  i n  the second category,  
I t h i n k ,  proposal  a c t i v i t y ,  the humming b i r d  type: 
DR. SALZER: The humming b i r d  was next.  
DR. O'DONEIELL: This  t h i r d  one i s  the p r o p r i e t a r y  type 
which a l lows  the  i n d i v i d u a l  s c i e n t i s t  t o  r e l a t e  t o  the  o v e r a l l  
company g o a l ?  What d i f f e r e n c e s  i n  the management do you see, 
John? 
DR. SALZER: Well, c e r t a i n l y  i n  an e ~ ~ i r a n m e n t  wherein you - 
have t o  a t t r a c t  c o n t r a c t u a l  support,  you have more c o m u n i c a t i v e  
people, f o r  instance.  You w i l l  have people who w i l l  have t o  SO 
out  and touch base w i t h  the customer. You w i l l  have t o  r e l a t e  
your work t o  imnediate requirements much more. 
I d o n ' t  know i f  the manager has t o  be very d i f f e r e n t .  He 
has t o  be a sa les -o r ien ted  person very  d e f i n i t e l y .  I n  the o ther  
two he does not  n e a r l y  as much. I would say tha t  almost anybody 
t h a t  does any management must have some sales a t t i t u d e  i n  him. 
I would ssy t h a t  the humming b i r d  research labora to ry  w i l l  c r e a t e  
more view graphs and c h a r t s  then any o f  the  o ther  two. This  i s  
t h e  way I would d i s t i n g u i s h  i t .  
DR. tYON: I t h i n k  i t  would be w e l l  i f  you cou ld  i d e n t i f y  
f o r  us the scope o f  d i scuss ion  today regard ing what you mean by 
"scien: ist l ' .  I am having a hara t ime drawirig a l i n e  between what 
I would c a l l  a  s c i e n t i s t  and an engineer. There i s  c e r t a i n l y  
a r e a l  spectrum o f  k inds o f  peopie. On the one end you have the  
pure s c i e n t i s t  and a t  the  o ther  end the  engineer do ing engin- 
e e r i n g  design. 
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I n  o ther  words, i f  i t  c o u l d  do p e r f e c t l y  wonderful  science 
1 i n  an area, p a r t i c u l a r l y  i n  the  Aerospace f i e l d  where there  i s  
a b s o l u t e l y  no i n t e r e s t ,  I d o n ' t  t h i n k  i t ' s  going t o  su rv ive .  The 
company 
/ I S  s t i l l  a money making o rgan iza t ion .  
DR. OSTERYOUNG: Are we miss ing  a d i f f e r e n c e  i n  managing 
as p r o v i d i n g  d i r e c t i o n ?  I n  o ther  words, the techn ica l  manage- 
ment as opposed t o  some th ings  t h a t  we mentioned before--pro-  
v i d i n g  the  f a c i l i t i e s .  I n  > ther  words, do you want t o  break up 
t h e  two functbns w i t h  one p u r e l y  a d m i n i s t r a t i v e ?  
L e t ' s  say t h a t  you can have a man who doesn't  know any th ing  
about science a t  a l l ,  who i s  concerned per se o f  i t s  wor th and 
and e s s e n t i a l l y  p rov ides  the labora to ry  w i t h  what i t  needs. I s  
t h a t  management? 
DR. O'DONNELL: No. That describes what I would c a l l  an 
1 
a d m i n i s t r a t i v e  a s s i s t a n t  t o  perhaps a labora to ry  d i r e c t o r .  
1 am t h i n k i n g  o f t h e  person who 
p lans  the  work o f  the  operat ion,  the department o r  the labora- 
t o r y ,  the  person who develops some k i n d  o f  c o n t r o l  over what the 
p lans a re  supposed t o  accomplish: somebody who i s  i n t e r e s t e d  i n  
how the  labora to ry  i s  organized i n  terms o f  departments. I  
t h i n k  i n  terms o f  somebody who i s  i n t e r e s t e d  i n  the recru i tment  
and e v a l u a t i o n  and promotion o f  s c i e n t i s t s  w i t h i n  h i s  p a r t i c u l a r  
group, and, o f  course, somebody who d i r e c t s  t h i s  group i n  terms 
o f  p r o v i d i n g  them w i t h  the environment t h a t  Mrs. Wilson was 
speaking o f ,  communicating w i t h  them, p r o v i d i n g  leadership f o r  
the  group. 
) Now, I would not  t h i n k  t h a t  your s c i e n t i s t  who mothers 
two o r  t h r e e  o ther  young people i n  the  group i s  a manager. He 
14 1 
would no t  q u a l i f y  under my terminology, b u t  the  superv isor  o f  a 
group o r  a department would, and, o f  course, the  labora to ry  
d i r e c t o r  c e r t a i n l y  would q u a l i f y  as a manager. Under these 
circumstances, I am moved t o  remark t h a t  the re  i s  a r e a l  ques t ion  
whether a person can be bo th  a good s c i e n t i s t  and a good manager. 
I t  takes d i f f e r e n t  q u a l i t i e s ,  I t h i n k ,  t o d o t h e s e  jobs  w e l l .  
Therefore, the  idea o f  moving a person from a t e c h n i c a l  p o s i t i o n  
on t h e  s t a f f  i n t o  a managerial  p o s i t i o n  as I have d e f i n e d  i t  i s n ' t  
t h a t  easy. Although he may be moved, he m y  become a v e r y  poor 
nanager. He c o u l d  be a mediocre s c i e n t i s t  and perhaps an o u t -  
s tand ing  manager. The idea t h a t  the  q u a l i f i c a t i o n s  o f  b o t h  
people are the same, I t h i n k ,  i s  not  t r u e  t o  l i f e .  
DR. SALZER: : I  b e l i e v e  w i t h  you the  q u a l i f i c a t i o n s  are d i f -  
ferent ,  bu t  I don ' t  agree t h a t  the  same person c o u l d n ' t  have bo th  
q u a l i f i c a t i o n s .  He very  o f t e n  does. I n  fac t ,  i t  i s  almost l i k e  
t h i s  when an exce l len t  s c i e n t i s t  decides a t  one p o i n t  t h a t  he 
i s  go ing t o  be a manager. He makes an i m p l i c i t  o r  e x p l i c i t  
dec is ion  which p a r t  o f  h i s  t o t a l  c a p a b i l i t i e s  he i s  go ing t o  
exerc ise  f o r  the r e s t  o f  h i s  l i f e .  
Now, I wonl t  argue w i t h  t h e  f a c t  t h a t  i n  same people e i t h e r  
one o r  the o ther  q u a l i t i e s  a r e  b e t t e r  represented. I t h i n k  t h a t  
+e management c a p a b i l i t i e s  a r e  the  ones t h a t  w in  ou t  i n v a r i a b l y  
and de te r  the  man from s t a y i n g  a s c i e n t i s t  a l though he might  
be a ve ry  good one. 
Are we l o s i n g  too  many s c i e n t i s t s  because these people are 
a l s o  good managers? 
DR. O'DONNELL: Well, my concept o f  the  i d e a l  manager o f  
1 the labora to ry  i s  a  person who i s  a  good s c i e n t i s t  and a good 
manager .,.- 
C; would l i k e  t o  see him w i t h  b o t h  o f  these q u a l i t i e s ,  bu t  
I would hasten t o  say t h a t  I t h i n k  ve ry  few people q u a l i f y  i n  
t h i s  way. Th is  i s  what we should search f o r  a l l  r i g h t ,  b u t  
i t  i s  ve ry  d i f f i c u l t  t o  f i n d .  
MR. BOYKIN: I t  looks t o  me l i k e  s c i e n t i s t s  a r e  d i f f e r e n t  
i n  t h a t  they a r e  l i k e  a prec ious meta l .  They are a r a r e  com- 
m d i t y  t h a t  can r e a l l y  d iscover  new i n f o r m a t i o n  and knowledge t h a t  
i s  u s e f u l  t o  everybody e lse;  bu t  they a r e  s t i l l  very  s i m i l a r  t o  
o t h e r  people because they are human. 
Why should they be so d i f f e r e n t ?  I f  a  man i s  going t o  be 
t h e  head f i n a n c i a l  man, he may have stopped be ing  a whiz i n  
B 
double e n t r y  bookkeeping, and a t  one t ime i n  h i s  career  he may 
have been one o f  the  best  cos t  c o n t r o l  men. He gained the  
respect  o f  h i s  associates and he stopped being a per former.  
I n  the  mot ion p i c t u r e  business, u s u a l l y  the best  p i c t u r e s  
have been produced, I  t h i n k ,  by the  a c t o r s  who q u i t  t r y i n g  t o  be 
b t h  a c t o r  and d i r e c t o r  and r e a l l y  concentrated on d i r e c t i n g .  So 
why shou ldn ' t  a  man, who once showed h i s  wor th and a b i l i t y  as a 
s c i e n t i s t ,  i ns tead  o f  be ing b o t h  a s c i e n t i s t  and manager, become 
a f u l l  t ime  successfu l  manager o f  o t h e r  s c i e n t i s t s ?  Whatis 
wrong w i t h  a s c i e n t i s t  hav ing the p o t e n t i a l  o f  be ing  an exce l -  
l e n t  manager? 
DR. ALBERT WILSON: Newton was an e x c e l l e n t  d i r e c t o r  o f  t h e  
1 m i n t ,  one o f  the  bes t  they ever had. H is  j o b  was g iven t o  him 
T 
as a reward f o r  h i s  s c i e n t i f i c  c r e a t i v i t y .  34 % i s  
143 
b r i n g s  us t o  a p o i n t  about s tatus.  One o f  the  d i f f i c u l t i e s  w i t h  
5 the s c i e n t i s t  i s  t h a t  he f e e l s  t h a t  tha  type o f  i n t e l l e c t  t h a t  
he has should i t s e l f  g i v e  him n measure o f  s ta tus.  I f  you p u t  
over  him somebody whose i n t e l l e c t  he does no t  respect,  you c l o s e  
t h i s  avenue t o  s tatus.  Th is  i s  why the d i r e c t o r  o f  s c i e n t i s t s  
should be an e x c e l l e n t  s c i e n t i s t .  Perhaps we cou ld  so lve  the 
problem o f  s t a t u s  by l e t t i n g  a men who i s  a  good research man 
s tay  w i t h  research--he may o r  may no t  be a good manager--and 
l e t  him move up i n  s t a t u s  through spec ia l  t i t l e s  and w i t h  the  
pay and the o t h e r  p r i v i l e g e s  t h a t  go w i t h  execut ive jobs.  I n  
t h i s  way you might remove some o f  these d g f  c u l t i e s .  He i s  not  t, 
necessari  l y  content  j u s t  wi t h  the recogni t io&&-f ;h i s  peers. I f  
he's go ing t o  be i n  indus t ry ,  he a l s o  wants t o  be recognized i n  
the i n d u s t r y  by i t s  usual s ta tus  symbols. 
MR. DSTERYOUNG: I n  your r e p o r t s  somewhere you i n d i c a t e  
that  t o  some fi f t y  people the quest ion was asked, "Do you want 
t o  be a manager o f  s c i e n t i s : ~ ? "  And something l i k e  fou r  said, 
"Yes." 
You concluded t h a t  the prognosis  was t h a t  the  fou r  might  
make good menngers and the  r e s t  wouldn ' t .  I r e a l l y  wonder i f  
one o f  the  problems i s  s ta tus .  Somebody i n  the ecademic community 
once said, "'n'sll, s ta t l i s  these days i s  i n  t u r n i n g  down o f f e r s  
f o r  department head r a t h e r  than being one." I wonder i f  the 
r e z n g q i t i o n  i s n ' t  r e e l l y  t h e  e x t e r n a l  c m u n i t y  by and lerge.  
So I  don ' t  r e a l l y  agree w i t h  your prognosis  a t  a l l .  
DR. SCHIIEIDERMAN: I contend and I cubmi t t o  you, dear f r i end ,  
that there are many people and there are many many many examples 
1 of people who are both good scientists and have moved into manage- 
ment positions with considerable success both in universities and 
in induetry. 
DR. SILVERMAN: I was going to say that you might liken this 
to a probability. The probabllfy of a man being an outstanding 
scientist is very low to begin with, and, then, the probability 
that he is also going to have qualifications of being an outstand- 
ing manager--the probability of finding any individual who wculd 
be an outstanding manager--is very low; and, then, when you multiply 
these probabilities, the probability of finding one man possess- 
ing both characteristics is even lower. 
I dould like to make one more comment and then I will relin- 
quish the floor. We were talking about the analogy between a 
$ 
motion picture producer and a manager-- 
MR. BOYKIN: The actor-di rector. 
DR. S I  LVERMAN: Right, the di rector-and-actor concept. I 
say that a scientist is a very talented person, and therefore maybe 
we should look at the management of scientists in the same nay that 
we look at the management of athletes and O F  actors and actresses. 
The outstanding scientist should, indeed, receive greater rewards 
then perhaps the manager, and in this way improve his prestige 
because in our society salary and prestige go very much hand in 
hand. 
DR. O'DONNELL: This is a topic about which his manager 
ought to be very much concerned. 
1 DR. SILVERMAN: Right. 
145 
KR. WELTY: I think there is a decorrelation between the moti- 
1 
vatidns of a person who becomes a good scientist and a person 
who becomes competent in interpe:sonal relations. i think an 
important aspect of management is competence in interpersonal 
relations, and I think there is a mechanism that gives a decor- 
relation. Now, this is not a hundred percent. In other words, 
I rm saying that one of the motivations that cause a m n  to be- 
come an expert--and I hate to use the word "scientist" becsuse 
we are all scientists--technician actually may be correlated with 
the fact that he is not competent in dealing with interpersonal 
relationships. On the other hand, I also findthat quite often 
motivating forces prevent the average? manager from being compe- 
tent in managing a technical activity, basically because he does 
not make an identification with the scientist. He makes an iden- 
tiflcaticn with non-scientists. There is an ego thing that Goes 
on that tends to put down the scientist and actually inhibies 
eventuallythe capability of the organization itself. 
Basically, I would say that a typical manager does not make 
a good monager of technical activities, and typically scientists 
do not make good rmnagers; but fortunately the correlation or 
anti-correlation is not a hundred percent, and we do find some 
of both. 
I think some of the best managers of technical activities I 
have known have been non-technicians, but they made a strong ego 
identification with the scientists, and even stronger than maybe 
the scientists make, which then provided the motivation for the 
scientists and also provided the environment in which the scien- 
tists could prosper and do good work. 
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So, C y r i l  wou ldn ' t  p u t  a  l o t  o f  s tock i n  whotever you c a l l  
the mail. M ~ y b c  ths  people around here would, and maybe when they 
use "m2nager1' they r e a l  l y  mean "admin is t ra to r , "  which i s  sometimes 
used in terchangeably  w i t h  manager, p a r t i c u l a r l y  by Urwick, the  
B r i t i s h  w r i t e r .  
DR. SALZER: I suggest t h a t  the  t i t l e s  l i k e  d i r e c t o r  o f  
research, manager o f  research, v i ce -p res iden t  o f  research, should 
not  be wasted on people who decide where the c h a i r s  w i l l  go. 
That i s  no t  what we a re  r e a l l y  d iscuss ing  here a t  a l l .  We a r e  
t a l k i n g  about how t o  get a  body o f  s c i e n t i s t s  t o  work towards 
some aim and produce. 
MR. BOYKIN: Just one s l i g h t  chal lenge t o  tha t .  This 
manager i s  not  go ing t o  do t h e  work anymore than he i s  go ing t o  
8 c a r r y  the  t e s t  equipment. He i s  go ing t o  be responsib le  t h a t  the re  t h a t  the re  i s  1 
are  cha i rs ,  t h a t  the re  a re  b u i l d i n g s ,  t h a t  the re  i s  space, and/the 
r i g h t  environment. 
MANAG l NG THE STAFF l NG FUNC'T I OF1 
The s t a f f i n g  f u n c t i o n  i s  concerned w i t h  the  rec ru i tment ,  
s e l e c t i c n ,  t r a i n i n g ,  eva lua t ion ,  and promotion o f  mensqers. I t  
i s  no t  t h s t  the problems surrounding non-managerial personnel a re  
unimportant;  i t  i s  t h a t  these a r e  adequately d e a l t  w i t h  i n  o t h e r  
places, w h i l e  managerial  s t a f f i n g  i s  n o t .  
I t  was a mat te r  bo th  o f  i n t e r e s t  a r ~ d  concern t h a t  the  sc ien-  
t i s t s  i n  our l a b o r a t o r i e s  and t h e i r  managers seemed t o  have a 
t o t a l  m i s u n d e r s t a r ~ G ; ~ , q ~ P  L:TZ mmegz~-+-tb f ~ ~ ? e t - : 3 n s .  The t i t l e  by . -. 
which a man i s  known has no th ing  t o  do w i t h  the func t ions  he 
performs. There i s  no reason t o  assume t h s t  a  f r o n t  l i n e  super- 
v i s o r  o f  s c i e n t i s t s  i s  less a manager than he who manages the 
whole labora to ry .  The t i t l e  can r e f l e c t  s ta tus  and i t  can he lp  
i d e n t i f y  j u s t  where i n  the o r g a n i z a t i o n  s t r u c t u r e  one may f i n d  a 
p a r t i c u l a r  i n d i v i d u a l ,  but  i t  does not  d i s t i n g u i s h  what a man 
does. Managers a r e  known by what they do: each i s  always 
engaged i n  p lanning,  c o n t r o l l i n g ,  organiz ing,  s t a f f i n g ,  and d i r e c t -  
i n g  i n  order  t o  zchieve r e s u l t s  through group e f f o r t .  
Recrui tment o f  Manaqers 
When a f i r m  decides t h a t  i t  wi 1 1  e s t a b l i s h  a labora to ry  i t  
necessari  l y  must t h i n k  o f  the d i r e c t o r  who wi 1 1  manage i t .  Such 
a person may a l ready be on the p a y r o l l  o r  on someone e l s e ' s  pay- 
r o l l .  He w i l l  be i d e n t i f i a b l e  by h i s  r e p u t s t i o n  as a manager o f  
s c i e n t i s t s :  h i s  achievements as a menager o f  s c i e n t i s t s  w i l l  be 
checked ou t  w i t h  past  employers. Considerable i n t e r v i e w i n g  w i l l  
f o l l o w  i n  order  t o  make c e r t a i n  o f  t h e  cand ida te 's  c o m p a t i b i l i t y  
w i t h  those w i t h  whom he w i l l  be associated and e s p e c i a l l y  t o  
eva lua te  h i s  a t t i t u d e  toward the  f u n c t i o n  o f  t h e  labora to ry  
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within a private enterprise. On such evidence the eventual 
1 director wi 1 1  most likely be chosen. 
Stress is laid on the past experience of candidates in 
managing scientists. Of course, not all laboratory directors 
will have had managerial experience, but their very lack of it 
adds a high risk to the appointment. One cannot tell from his 
non-managerial behavior whether a particular person will succeed 
as a manager. The very best evidence is successful experience 
in managing. 
Once the director of the new laboratory is selected he will 
be concerned with filling the positions established in the staff- 
ing pattern. If the number of persons to be employed is small, 
there will not be a need for subordinate managers. On the other 
hand, if the number is large, subordinate managers will be 
3 recruited in much the same way as the director himself. 
In an on-going laboratory managers should be recruited from 
within. At least this source should be fully exhausted before 
going outside for managerial talent. Because it is a form of 
reward for those who want to manage, the opportunities created 
by this practice builds morale among all subordinates. Further- 
more, their exis:ing knowledge about the company, the laboratory, 
procedures, attitudes and objectives are all known to the 
internal recruit. It takes the outsider a considerable time to 
establish himself securely within a new organization. 
Selection 
Since che laboratory director normally reports to the chief 
executive he should be selected by him. True, there will be 
1 
many recommendations from other subordinates of the president 
and from outsiders, but it is the sole responsibility of the 
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president to make the final selection. Once this has been accom- 
plished the director himself will make the selection of his sub- 
ordinate managers--those reporting directly to him. In general, 
the most successful practice is that selections should be made by 
the imnediate superior of the selectee, and approved by his 
superior. 
In the established laboratory the selection of front line 
supervisors, y&. those who will be managers of scientists and 
are thus in direct contact with them, should be made from amng 
the scientists themselves. It 1s -z-;q :x;ze:>.-t csr these nep- . 
supervisors to have demonstrated their skills as scientists in 
their own right. Their path to management will then be made much 
easier because they will be credited with understanding both 
science and scientists, and perhaps for personal accomplishments 
of a scientific nature. Anyone else would have to prove these 
accompiishments and this takes time. The man who is selected 
for front line supervision may well be a successful scientist; 
he may also be one who wants a new and different career. Both 
will have one thing in common--they do not know whether they will 
like managing and whether they will be a success at it. And, of 
course, neither d3es anyone else. Only experience in managing 
can provide the answer. 
The possibility of selecting a non-scientist as a front line 
supervisor is always present but such a practice would be 
unnecessarily dangerous. It would be too much to say that he 
would certainly fail, but the odds are very high thet this would 
happen. 
If there are intervening levels of managers between the 
front line supervisor and the laboratory director they should 
lSlc 
certainly be selected from among those unit and section heads who 
have a successful managerial record. Although they are not likely 
to keep up to date technically, they at least will have once been . 
scientists. With such a background they can readily provide the 
appropriate environment for those who do science. 
Traininq of Marlaqers 
Ski11 in managing an operation does not come naturally. It 
is acquired by knowing what a manager is supposed to do and by 
practicing these functions, preferably under the direction of an 
experienced manager. A thorough knowledge of the principles of 
management is an absolute essential for anyone who hopes to 
become a sound manager. This he cannot get simply by osmosis or 
by watching others in managerial positions do what they think is 
managing--they may be watching someone who is as ignorant of the 
1 manageriel functions as the trainee. Indeed, the evidence from 
this study points to a very spotty knowledge of the managing 
process by both scientists and their superiors. 
The principles of management can be taught. Knowledge of 
them will give the potential manager an appreciation for the 
total function, its extraordinary complexity, and its influence 
on the effectiveness of the group that is managed. But this is 
not enough. Men learn to manage by applying managerial principles 
in situations where they are responsible for results. There is no 
other way. Even under the best of circumstances, one in which 
the superior is himself an outstanding manager and teacher of 
management, it probably takes well over two decades for the 
neophyte to mature. An appreciation of these factors is the 
i 
first step towards wisdom in understanding laboratory management. 
Eva 111at i on of Mane- 
Everyone in this world is evaluated continuously and menagers 
in any enterprise are no exception. This applies eaually well to 
presidents of corporations as it dces to laboratory directors and 
front line managers. The important matter to be considered, 
therefore, is how best to carry out this function. Since the 
results of any method, good or bad, relevant or inapplicable, 
will be used to reward those whom the system says are successful, 
and to punish in some way those whom the system says are weak or 
unsuccessful, it is clearly apparent that titLz ,ljLL,li ;t,elF-is a 
critical matter. 
It is not an accident that down tnrough the centuries it has 
been results that have counted in evaluating those who manage. 
Occasionally the quality of results was important, too. In 
recent decades eFforts have been made to evaluete managers on 
such subjective bases as personality. irh:elligence, etc. A long 
list of qualities, few of which are mutually exclusive, have often 
been proposed. But success did not attend these efforts. 
Experienced managers first and last went to know what a subordi- 
nate manager has accomplished. Consequently, there is every 
effort being made n3w to get back to first principle;: mzasure 
results achieved against objectives sought. Assuming the con- 
straints of business policy and ethics are observed, this is a 
very successful approach to evaluating managers. And laboratory 
ranagers are no exception. 
Pr?mt ion of Mznaqers 
It may seem to be quite an obvious thing that the more 
successful a maregorthe higher the likelihood of his promotion. 
A t  a remote distance there is little to quarrel with in this view, 
isle 


M o t i v a t i o n  o f  S c i e n t i s t s  
The m o t i v a t i o n  o f  s c i e n t i s t s ,  as i s  a l s o  t r u e  o f  people i n  
general,  i s  d i r e c t l y  r e l a t e d  t o  t h e i r  needs. There are msny 
c l a s s i f i c a t i s n s  o f  these. For management purposes perhaps the 
most convenient i s  t o  t h i n k  o f  them as b ~ s i c ,  soc ia l  and ego 
needs. The nianager can understand these, andhecan develop means 
o f  s a t i s f a c t i o n  f o r  them t o  a  greater  o r  less degree. En te rp r i ses  
normal ly  take care o f  bas ic  needs through s a l a r i e s  and f r i n g e  
b e n e f i t s .  The manager i s  i n  a  p o s i t i o n  t o  g r a t i f y  some soc ia l  
needs by the way he organizes a c t i v i t y  and LO s a t i s f y  ego needs 
by appropr ia te  ac t ions .  We w i l l  see most o f  these i n  p l a y  as t h i s  
s tudy tu rns  t o  the m o t i v a t i o n  o f  s c i e n t i s t s .  
i n  an e f f o r t  t o  d iscover  the goals fo r  which s c i e n t i s t s  
1 s t r i v e ,  those i n  t h i s  study were asked t o  i d e n t i f y  t h e i r  shor t  
and long range o b j e c t i v e s .  Tne quest ion being unst ructured,  
v a i i o u s  terms were used :L. r e p l y  b u t  t h e i r  sense p o l a r i z e d  very 
w e l l .  C o n t r i b u t i o n  t o  s c i e n t i f i c  knowledge was mentioned I 7  
times; t o  be a  conipetent researcher was i d e n t i f i e d  14 times; 
r e c o g n i t i o n  by peers was c i t e d  n i n e  times; promotion t o  manage- 
r e n t  p o s i t i o n  was named by fou r ;  and th ree  wanted t o  con t inue  
teaching and research. The des i re  t o  c o n t r i b u t e  t o  the  fund o f  
knowtedge i s  the on ly  o b j e c t i v e  t h a t  i s  e ther -o r ien ted .  A l l  t he  
remainder s t r o n g l y  r e f l e c t  the ego needs o f  the s c i e n t i s t s .  This  
d i s t r i b u t i o n  i s  e s p e c i a l l y  por tentous because incen t i ves  developed 
b y  managers w i l l  be most p roduc t i ve  i f  they a re  designed t o  meet 
t he needs o f  the  i n d i v i d u a l  s c i e n t i s t .  I t  behooves the manager 
1 t o  know who i s  egocen t r i c  and who i s  outward ly  o r i e n t e d  and t o  have 
appropr ia te  incen t i ves  a v a i l a b l e  f o r  each type. 
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Although there  i s  no evidence o f  i n d i v i d u a l  a t t e n t i o n  f o r  
m o t i v a t i o n a l  purposes g iven by managers t o  t h e i r  subordinates 
the re  i s  considerable in fo rmat ion  about the  incen t i ves  a c t u a l l y  
a v a i l a b l e .  The bas ic  human needs a re  cared f o r  i n  organized 
a c t i v i t y  throclgh the renumerat ion process. P r o d u c t i v i t y  
i s  o f f i c i a l l y  c u l t i v a t e d  by making a v a i l a b l e  
rlo-cost serv ices,  space, and equipment a  l lowances. Ego need5 a re  
o f f i c i a l l y  recognized by p r o v i d i n g  o o p o r t u n i t i e s  f o r  s c i e n t i s t s  
t o  develop s a t i s f a c t o r y  peer r e l a t i o n s h i p s .  Thus, the  o f f i c i a l  
o r g a n i z a t i o n a l  i n c e n t i v e  system takes coonizance, i n  v a r y i n g  
degree, o f  the  bas ic ,  s o c i a l  and ego needs o f  s c i e n t i s t s .  The 
knowledgeable manager no t  o n l y  admin is ters  t h i s  system i n  ways 
t o  maximize p r o d u c t i v i t y ,  he a l s o  inven ts  c e r t a i n  incen t i ves  wh1c.n 
seem p e r s o n a l l y  appropr ia te  t o  the i n d i v i d u a l .  Th is  gamut o f  
i ncen t i ves  i s  examined below. 
S a t i s f a c t i o n  o f  Basic  Needs o f  S c i e n t i s t s  
Evidence i n  t h i s  study r e l a t e s  t o  sa la ry  as the source f o r  
s a t i s f y i n g  the bas ic  necds o f  s c i e n ~ i s t s .  On a  scale o f  one t o  
t e n  representrng the s a l a r y  received as ranging from unza t i s -  
f a c t o r y  t o  h i c j l l y  cdcquate, 50 s c i e n t i s t :  r cpor ted  an sverage 
va lue  o f  seven--about m i d w ~ y  between average and h i g h l y  adequate. 
None were below average ( f i v e  fo r  t h i s  sca le )  though the  average 
i n  th ree  l a b o r a t o r i e s  was p e r i l o u s l y  c lose  a t  5 .5 .  The h ighes t  
r a t i n g ,  8.5, was noted i n  two labora to r ies .  These responses were 
c l o s e  t o  t h e  estimates o f  t h e i r  managers. A t  a  r a t i n g  o f  4, one 
labora to ry  was below the  average s a l a r y  i n  the  est imate o f  i t s  
manager whi le ,  on t h e  h igh  side, one manager r a t e d  s a l a r y  ade- 
quacy a t  nine, one a t  8.5, and four  gave a  r a t i n g  o f  e i g h t .  i n  
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general,  managers were s l i g h t l y  more s a t i s f i e d  w i t h  the  s a l a r y  
i 
s t r c c t u r e  f o r  s c i e n t i s t s  than were t h e i r  subord inates--a no t  
s u r p r i s i n g  r e s u l t .  
Basic  needs seem adequately taken care  o f .  Most s c i e n t i s t s  
a re  concerned about t h i s  bu t  a l s o  concerned about t h e i r  r e l a t i v e  
income. So long as t h i s  conforms t o  indus t ry  l e v e l s  they a re  
q u i t e  con ten t .  (See Table V ) .  They are smart enough t o  know 
t h a t  i f  wea l th  i s  the o b j e c t i v e ,  s a l a r i e s  a re  not  the  proper 
means t o  achieve i t .  They have abundant evidence be fo re  them t h a t  
the o r g a n i z a t i o n  o f  new en te rp r i ses ,  and the process o f  going 
p u b l i c  w i t h  them, o r  s e l l i n g  out  t o  large en te rp r i ses ,  i s  the 
p a t h  t o  r i ches  i f  they wish t o  pursue i t .  
I n  examining the  views o f  s c i e n t i s t s  and t h e i r  managers i n  
B s p e c i f i c  l a b o r a t o r i e s  r a t h e r  mixed f e e l i n g s  were repor ted.  I n  
th ree  l a b o r a t o r i e s  the s c i e n t i s t s  f e l t  t h a t  t h e i r  s a l a r i e s  were 
more adequate than t h e i r  super io rs  be l ieved .  I n  s i x  l a b o r a t o r i e s  
the reverse was t rue .  I n  o n l y  one was there  an agreement, bo th  
g i v i n g  a r a t i n g  o f  seven on the one- to - ten  scale.  Again the 
quest ion o f  the adequacy o f  comnunicat ion i s  ra ised .  I t  would 
c e r t a i n l y  appear t h a t  improved morale cou ld  be achieved i f  the re  
were a c l o s e r  rappor t  between the s c i e n t i s t  and h i s  manager. 
I t  would not  be q u i t e  accurate t o  imply t h a t  s c i e n t i s t s  a re  
r e a l l y  i n d i f f e r e n t  t o  sa la ry  l e v e l s  so long as they conform t o  
i n d u s t r y  l e v e l s .  The words "average" and " l e v e l s "  imply s a l a r i e s  
above and below these p o i n t s  on any scale. I n  t h i s  survey, 10 
o f  50 s c i e n t i s t s  s p e c i f i c a l l y  s t a t e d  t h a t  t h e i r  reason f o r  working 
$ f o r  t h e i r  employer was the  h i g h  s a l a r y  paid.  From t h i s  and 
o ther  evidence t o  be considered l a t e r ,  i t  would appear t h a t  sc ien-  
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t i s t s  f e e l  perfc;t ly f r e e  t o  roam from one employer t o  another: 
they i d e n t i f y  w i t h  t h e i r  science and t h e i r  earn ing power, bu t  
n o t  necessar i l y  w i t h  the f i r m .  
S a t i s f a c t i o n  o f  Soc ia l  Needs o f  S c i e n t i s t s  
There i s  ve ry  l i t t l e  evidence t h a t  s c i e n t i s t s  expect t h e i r  
employers t o  s a t i s f y  t h e i r  s o c i a l  needs through i n t e r n a l  company 
arrangements. Indeed, s c i e n t i s t s  are q u i t e  d i r e c t  about t h i s  
mat ter .  They work f o r  a f i r m  f o r  many o ther  reasons such as 
those  r e f l e c t e d  i n  Table I V .  Most tmportant i s  ~ i ~ c  oegree o f  
freedom f o r  research a c t i v i t i e s .  Closely  associated i s  the 
type o f  work dndertaken by the  labora to ry ,  the  a v a i l a b i l i t y  o f  
f a c i l i t i e s  and equipment, and the s t i m u l a t i n g  environment c rea ted  
the presence o f  o ther  respected s c i e n t i s t s .  Since 35  o f  the 
respondents had worked elsewhere these reasons fo r  t h e i r  c u r r e n t  
employment take on aaded meaning. I t  i s  apparent tbt s c i e n t i s t s  
a r e  not  look ing f o r a n  employer who s a t i s f i e s  t h e i r  s o c i a l  needs. 
These a re  ca te red  t o  through con tac ts  ou ts ide  the f i rm.  The mana- 
gers o f  these s c i e n t i s t s  a re  q u i t e  c l e a r  on t h ~ s  p o i n t ,  a lso,  
because there  i s  no evidence tha t  e i t h c r  the company o r  the manager 
prov ides incen t i ves  w i t h  t h i s  p o i n t  o f  view. 
The Rewards Most Souqht 
These f i n d i n g s  f i t  i n  r a t h e r  w e l l  w i t h  data concern ing the  
long run  rewards which s c i e n t i s t s  va lue  most h i g h l y .  On a scale 
o f  zero t o  t e n  measuring unimportance t o  extreme importance o f  
se lec ted  long term rewards f o r  s c i e n t i f i c  achievement 48 sc ien-  
t i s t s  and n i n e  managers d i s c r i m i n a t e d  between them as i s  i n d i c a t e d  
i n  Table V. The l i s e d  values a r e  no t  a l l  mutua l l y  exc lus ive,  as 
may be concluded by cons ider ing  the  c l o s e  r e l a t i o n s h i p  o f  s e l f  
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success was really wanted for self-satisfaction or whether it 
improvement and professions l de;elopnent; and recognition, repu- 
! 
tation and status. Nevertheless, these are the factors scientists 
think about when they consider the long range rewards they seek. 
Of most importance is the sense of self-achievement. These men 
remain true to their training. Closely following is self-improve- 
ment and recognition by others of their proficiency. Scientists 
want to improve their skills so that they can enjoy the satisfac- 
tion of technical success and the ensuing prestige gained from 
these accomplishments. It is significant that these men are 
primarily concerned about external recognition. They think that, 
as presently administered, internal rewards such as money, 
promotion, and status are rather unimportant. The ego needs of 
scientists are clearly paramount, but the firm cannot satisfy 
b them beyond creating the environment in which reputations 
can be made and making it possible for scientists to gain pub- 
licity for their achievements. 
The managers tend to agree with the views of their subor- 
dinates. They are sure that scientists want the satisfaction of 
TABLE IV 
Scientists' Reasons for Workinq with Present Emplover 
Number of Mentions 
Freedom to do research 2 1 
Stimulating environment 14 
Good salary 10 
Type of work 8 
Good equipment and support 6 
Plant locat ion 4 
Better position 3 
Q~tation of comoanv 2 
technical success and the recognition inthe scientific conanunity 
1 
which flows from these accomplishments. It would probably be 
very difficult, on the basis of this evidence, to determine whether 
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was the means of securing professional recognition. When asked 
how they expect to benefit from their publications, patents, speak- 
ing engagements, and the citations of their work by other scien- 
tists--all being ways in which a scientist i s recognized 
outside the enterprise for which they work--a total of twenty- 
two expected their reputation would be improved, seventeen thought 
they would benefit financially, eight mentioned self-satisfaction 
and seven thought it would lead to a better job. Their managers 
did not believe that such recognition wou!r;! - -cCPct  -::her thei,r.- 
reputations or their salaries. This looks very much like the mana- 
gers did not want to believe these would be the benefits reaped 
despite their rather obvious applications. 
There is an additional reason beyond prestige why scientists 
want professional recognition. Many of them seek this reward 
as a way of making more certain that their technical contributions 
to the furtherance of knowledge will be incorporated into the 
literature. Viewed in this light, recognition can serve both an 
ego need and a desire to make a useful contribution to the know- 
ledge and welfare of others. 
TABLE V 
Preferred Long Run Rewards 
for Scientific Achievement 
(in scale 10-0) 
Average Estimate of 
Average Scientists' preference 
(48 scientists) (9 manaqers) 
Sense of self achievement 
Self improvement 1: 3 ?:: 
Recognition of accomplishment 8.7 9.0 
Professional development 8.3 8.0 
Reputation external to the firm 8.0 8.5 
Hi her research status 
?within the firm) 7.6 8.0 
Fir:sncial reward 7.2 7.7 
Promotion within the firm 5.0 5.7 
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There were important d i f f e r e n c e s  between raboratory managers 
5 and t h e i r  own subordinates about the long term rewards which 
s c i e n t i s t s  seek. S i g n i f i c a n t  d i f f e r e n c e s  were considered t o  be 
present  i f  there were two p o i n t s  o r  more disagreement on the  10-0 
sca le  between the manager and the average f o r  h i s  s u b o r d i n ~ t e s .  
For instance, i n  fou r  o f  n i n e  labora to r ies  the managers under- 
es t imated  the d e s i r e  o f  the  s c i e n t i s t s  f o r  self- improvement. I n  
o t h e r  ca tegor ies  the managers were q u i t e  evenly d i v i d e d  i n  over- 
and under-est imat ing the degree o f  importance which t h e i r  men 
assigned t o  i n d i v i d u a l  rewards. S t a t i s t i c a l l y  t h i s  i s  o f  no 
importance, bu t  f o r  the i n d i v i d u a l  laboratory ,  d i v i s i o n s  o f  op- 
i n i o n s  can have a considerable bear ing  upon the  morale o f  scien- 
t i s t s  and upon the incen t i ves  developed and a p p l i e d  by i n d i v i d u a l  
rnansgers. For instance, i n  one labora to ry  the manager o v e r - e s t i -  
B 
mated the d e s i r e  o f  h i s  subordinates f o r  promotion, s tatus,  and 
p ro fess iona l  development. I n  another instance the manager over-  
est imated the des i res  o f  h i s  s c i e n t i s t s  f o r  f i n a n c i a l  reward and 
promotion w i t h i n  the f i r m  and underest imated t h e i r  d e s i r e  f o r  
self- improvement. Evidence o f  t h i s  type sure ly  I S  s u f f i c i e n t  
f o r  one t o  r a i s e  the quest ion about the complementari ty o f  the 
a c t u a l  reward system and an i d e a l  system t h a t  would b e t t e r  met t  
the  needs o f  s c i e n t i s t s  (and, presumably, a f f e c t  t h e i r  produc- 
t i v i t y  p o s i t i v e l y ! .  
Those managers who b e l i e v e  t h a t  t h e i r  subordinates can be 
moLivated by promotion w i l l  be i n t e r e s t e d  t o  lea rn  something about 
what t h e i r  men consider  a promotion t o  be. Among those respond- 
1 i n g  t o  t h i s  quest ion, t h i r t e e n  mentioned a h igher  sa la ry ,  e leven 
thought favorab ly  o f  be ing moved t o  group leader, seven thought 
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a h igher  t i t l e  would s u f f i c e ,  and seven thought t h a t  the re  was 
no th ing  a f i r m  cou ld  do t h a t  they would consider  a promotion! 
The manager who merely assumes t h a t  he knows what h i s  subordinates 
t h i n k  i s  t a k i n g  immense r i s k s .  
En te rp r i ses  g e n e r a l l y  recognized the  importance o f  f a c i l i -  
t a t i n g  the  d e s i r e  fo r  p ro fess iona l  development o f  t h e i r  s c i e n t i s t s  
Only two labora to ry  managers f e l t  t h i s  was no t  be ing done w h i l e  
twelve were o f  the opposi te  op in ion .  The f i r m s  t h a t  employ sc ien-  
t i s t s  are very open handed i n  t h i s  regard. P r a c t . i c a l l y  a l l  
encourage t h e i r  men t o  take educat ional  courses and seminars, t o  
teach, pub l i sh ,  and a t t e n d  s c i e n t i f i c  meet ings - -a l l  a t  the expense 
o f  the company. The s c i e n t i s t s  agreed i n  a r a t i o  o f  fo r t y -one  
t o  seven t h a t  t h i s  was t rue .  But they i n t e r p r e t e d  p r o f e s s i o n a l  
development i n  an unusual way. Some twenty- three thought o f  i t  
as the freedom t o  s e l e c t  the i  r  own p r o j e c t s ,  seven thought i t  
inc luded t r a v e l  and p r o f e s s i o n a l  meetings, and seven be l ieved  i t  
embraced t u i t i o n  fees p a i d  by the f i r m .  
I t  would appear the term "p ro fess iona l  development" has q u i t e  
a d i f f e r e n t  meaning f o r  the s c i e n t i s t  than i t  does f o r  h i s  employer. 
The former t h i n k s  o f  i t  l a r g e l y  i n  terms o f  be ing ab le  t o  develop 
h i s  s k i l l  and knowledge i n  f i e l d s  o f  h i s  choosing. This  would 
mean t h a t  the s c i e n t i s t  h imsel f  f e e l s  he i s  most p roduc t i ve  when 
he can s e l e c t  h i s  own p r o j e c t s  f o r  i n v e s t i g a t i o n .  H is  manager. 
on the  o ther  hand, f e e l s  t h a t  he i s  encouraging p r o f e s s i o n a l  
the f i r m  
development when 4 pays the  cos t  o f  education, t r a v e l  and con fe r -  
ences, and permi ts  the p u b l i c a t i o n  o f  papers and books. Th is  c o n t r i -  
r e f l e c t s  a f a i l u r e  
b u t i o n  i s  merely f a c i 1 i t a t i v e : i t  / t o  understand what the  s c i -  
e n t i s t  means by p ro fess iona l  development. 
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Freedom o f  Research 
i 
Th is  does no t  imply tha t  f i rms  a re  not p r o v i d i n g  la rge  measures f 
o f  freedom f o r  t h e  s c i e n t i s t  t o  i d e n t i f y  h i s  own p r o j e c t s .  When 
asked t o  c h a r a c t e r i z e  t h e i r  research u n i t ,  on a  scale o f  t e n  t o  
one, f o r t y - n i n e  s c i e n t i s t s  evaluated accomplishment a t  e igh t ,  
i n d i f f e r e n c e  a t  three,  and f r u s t r a t i o n  a t  fou r .  The i r  mana- 
gers  agreed almost i d e n t i c a l l y ,  though they thought accomplishment 
as about n i n e  on the  scale.  
Freedom i n  p r o j e c t  s e l e c t i o n  was associated by s c i e n t i s t s  
w i t h  p r o d u c t i v i t y  a lso .  On the average they wanted e i g h t y  percent 
c o n t r o l  over se lec t ion ,  and even the lowest on the scale among 
them wanted s i x t y  percent c o n t r o l .  As i s  t o  be expected, t h e i r  
ivanagers were less generous. They agreed tha t  s c i e n t i s t s  should 
exerc ise  c o n t r o l  over p r o j e c t  s e l e c t i o n  t o  the  extent  o f  s i x t y -  1 
seven percent  i f  p r o d u c t i v i t y  a lone was t o  be considered. However, 
the range spreadfrom f o r t y  percent  t o  one hundred percent  de- 
pending upon the  labora to ry  involved.  Managers c l e a r l y  f e e l  the 
we igh to f  budgetary and product  r e s t r i c t i o n s  and i n  t h e i r  l i g h t  
they must r e s t r i c t  the  freedom o f  s c i e n t i s t s  i n  p r o j e c t  s e l e c t i o n  
m r e  than e i t h e r  o f  them might  wish. 
P r o j e c t  freedom and the way i t  i s  managed i s  a  many-sided 
concept.  Concerning the freedom t o  se lec t  t h e i r  p r o j e c t s ,  seven- 
t e e n  s c i e n t i s t s  considered themselves f u l l y  f ree,  twenty- three 
thought the degree o f  freedom was very high, and n i n e  thought 
they had l i t t l e  freedom i n  t h i s  regard. Only two o f  t h e i r  mana- 
gers p e r m i t t e d  complete freedom bu t  n i n e  a l lowed a  h i g h  degree and 
3 only  th ree  p e r m i t t e d  ve ry  l i t t l e  freedom. 
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I n  the  development o f  research design, methodology, and 
technique, twenty-e ight  s c i e n t i s t s  had complete freedom and 
e ighteen a  h i g h  degree. Only fou r  f e l t  a  r e s t r i c t i o n  i n  t h i s  
regard. On the o ther  hand, seven o f  t h e i r  managers thought 
they p e r m i t t e d  complete freedom and e i g h t  thought the degree was 
v e r y  h igh.  I n  the area o f  p r o j e c t  r e p o r t i n g  seventeen s c i e n t i s t s  
f e l t  no r e s t r i c t i o n ,  twen ty -s ix  thought t h e i r  freedom was q u i t e  
h i g h  and o n l y  seven f e l t  d e f i n i t e l y  r e s t r i c t e d .  Among t h e i r  
managers th ree  thought the re  was no r e s t r i c t i o n ,  e i g h t  thought 
the re  was very l i t t l e ,  and four  agreed tha t  l i t t l e  freedom was 
present .  
The freedom t o  c m u n i c a t e  ideas and in fo rmat ion  about re -  
search i s  d e f i n i t e l y  dependent upon the stage o f  i n v e s t i g a t i o n  
and  complet ion. I n  the problem fo rmu la t ion  stage, and i n  the 
ac tua l  research work eleven s c i e n t i s t s  f e l t  f r e e  t o  discuss 
the mat te r  w i th  men ou ts ide  the  f i r m .  At the conc lus ion  o f  the 
research and a l s o  a f t e r  pa ten t  in fo rmat ion  was protected,  twenty- 
e i g h t  s c i e n t i s t s  f e l t  f r e e  t o  communicate t h e i r  f i n d i n g s  o u t s i d e  
d-~e f i r m .  I n  each instance t h e i r  managers were i n  general agree- 
ment w i t h  them. O f  course, t h i s  would be t r u e  because the degree 
o f  freedom t o  p u b l i s h  i s  a  mat ter  o f  o r g a n i z a t i o n a l  d i s c i p l i n e .  
The general lack o f  r e s t r i c t i o n s  imposed upon s c i e n t i s t s ,  ou ts ide  
o f  s e c u r i t y  requirements, i s  a  f u r t h e r  i n d i c a t i o n  t h a t  managers 
a re  aware o f  t h e  importance s c i e n t i s t s  a t t a c h  t o  ach iev ing  recog- 
n i t i o n  c o n f e r r i n g  w i t h  peers and they f a c i l i t a t e  the  p-ocess. 
Salary  Adjustment Procedure 
The s a l a r i e s  p a i d  t o  s c i e n t i s t s  per fo rm another task besides 
t h a t  o f  t a k i n g  care  o f  bas ic  needs. They a re  u s e f u l  as an incen- 
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t i v e  t o  i n d l ~ c e  s c i e n t i s t s  t o  improve the  q u a n t i t y  and q u a l i t y  o f  
1 
t h e i r  research, and as a  p r e s t i g e  f a c t o r  t h a t  can r e f l e c t  the 
d i f f e r e n c e s  i n  esteem w i t h  which s c i e n t i s t s  a re  h e l d  by t h e i r  
managers. To be i n  t h e  h ighes t  s a l a r y  c l a s s i f i c a t i o n  f o r  
s c i e n t i s t s ,  o r  t o  be a  $25,000 a  year man ( o r  o ther  f i g u r e  t o  
represent va r ious  p la teaus)  i s  a  mat te r  o f  personal p r i d e  q u i t e  
beyond i t s  i m p l i c a t i o n s  f o r  h igher  l i v i n g  standards. 
I n  appra is ing  t h e i r  men f o r  sa la ry  a d j u s t m e ~ t  managers weigh 
h e a v i l y  the  i n t e r n a l  performance o f  t h e i r  subordinates and the 
ou ts ide  r e c o g n i t i o n  o f  i t .  Performance i n  t h i s  context  covers 
severa l  f a c t o r s  such as v i s i b l e  research r e s u l t s  (another term 
f o r  p r o d u c t i v i t y ) ,  success i n  making c o n t r a c t  sa les ( u s u a l l y  
government c o n t r a c t s ) ,  and the q u a l i t y  o f  the  work done ( inc ludes  
3 s i g n i f i c a n c e  and d i f f i c u l t y  o f  the work) .  External  r e c o g n i t i o n  
i n  the form o f  p u b l i c a t i o n s ,  i n v i t e d  t a l k s ,  and pa ten ts  i s  va lued 
as a  c o n f i r m a t i o n  o f  the  q u a l i t y  o f  the s c i e n t i s t ' s  work. 
Salary  adjustments r e s t i n g  on these bases make a great  deal  
o f  sense, but  on c a r e f u l  examination i t  i s  d i f f i c u l t  t o  f i n d  
o b j e c t i v e  standards f o r  performance. S c i e n t i s t s  a re  c e r t a i n l y  
what a  man should be p a i d  f o r .  There a re  s t i l l  some managers who 
f give up too  soon i n  t h e  face o f  a  d i f f i c u l t  task and ass ign  m e r i t  
s a l a r y  adjustments on the  bas is  o f  area averages and s e n i o r i t y .  
They should be severe ly  taken t o  task f o r  t h e i r  defeat ism because 
these are c l e a r l y  unre la ted  t o  the reasons why s c i e n t i s t s  a re  
h i r e d  i n  the f i r s t  p lace.  
The s c i e n t i s t s  themselves have bo th  sound and unsound ideas 
h i r e d  i n  a n t i c i p a t i o n  o f  the  r e s u l t s  they can produce, bu t  what 
can o r  should be expected i s  l a r g e l y  a  s u b j e c t i v e  mat te r .  Mana- 
gers t r y  t o  overcome t h i s  d i f f i c u l t y ,  e s p e c i a l l y  w i t h  respect t o  
unknown s c i e n t i s t s ,  by a i d i n g  i n  problem d e f i n i t i o n ,  ana lys is ,  
d e f i n i t i o n  o f  phases i n  the procedure, and checking p r f o r m a n c e  
against  o b j e c t i v e s .  I t  i s  no t  imp l ied  here t h ~ t  h i s  i s  an i n -  
f e r i o r  procedure. I t  merely p o i n t s  up the general issue o f  sub- 
! j e c t i v i t y  i n  e v a l u a t i n g  s c i e n t i f i c  performance. Even t h i s  tech- 1 
nique i s  va luab le  because i t  i s  d i r e c t l y  r e l a t e d  t o  p r o d u c t i v i t y - -  
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abou t  why t h e i r  s a l a r i e s  a re  adjusted.  They mentioned f a c t o r s  
r e l a t e d  t o  i n t e r n a l  p r o d u c t i v i t y  twenty- four  times and those re-  
l a t e d  t o  p r o f e s s i o n a l  r e c o g n i t i o n  n ineteen times. These square 
very w e l l  w i t h  the  c r i t e r i a  o f f e r e d  by t h e i r  super iors .  However, 
the re  were eleven mentions o f  general knowledge, th ree  o f  s e n i o r i t y ,  
a d  twoo f  p o l i t i c s .  Perhap5 the most astonis t i i r>g remark, made by 
e ighteen s c i e n t i s t s ,  was t h a t  they d i d n o t  know the bas is  f o r  
3 
s a l a r y  adjustment. No manager can be fo rg iven  fo r  permi t t  i ng 
t h i s  s i t u a t i o n  t o  a r i s e .  
As one would expect, the degree o f  understanding between 
manager and s c i e n t i s t  i n  the i n d i v i d u a l  l a b o r a t o r i e s  v a r i e d  
considerat5ly. I n  f i v e  o f  these t k r e  was an e x c e l l e n t  congruence. 
O f  the e ighteen s c i e n t i s t s  who d i d  not  know the b a s i s  f o r  t h e i r  
own s a l a r y  adjustments eleven were cnnc tn t ra ted  i n  fou r  lab- 
o r a t o r i e s .  The manager o f  one o f  these f a i l e d  t o  respond t o  the  
quest ion: he had f o u r  s c i e n t i s t s  a t  sea. Another manager re -  
p o r t e d  t h a t  he made sa la ry  adjustment on the  bas is  o f  v i s i b i l i t y  
o f  research, c o n t r a c t  sales, q u a l i t y  o f  research, and c o n t r i b u t i o n  
t o  company g o a l s - - a l l  e x c e l l e n t  c r i t e r i a ,  b u t  fou r  o f  h i s  scien- 
t i s t s  knew no th ing  o f  t h i s  and one thought the  bas is  was p u b l i -  
ca t ions .  Where s i t u a t i o n s  o f  t h i s  k i n d  e x i s t  one can o n l y  p o i n t  
t o  t h e  incompetence o r  carelessness o f  managers. 
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Overa l l  t h e  s c i e n t i s t s  and t h e i r  managers agreed t h a t  the re  
was about a  seventy percent  chance t h a t  sa la ry  adjustments r e l a t e d  
d i r e c t l y  t o  research achievements, and the  same groups f e l t  t h a t  
on a  sca le  o f  1-10 sa la ry  adequacy was s e v a t y  percent .  I n  fou r  
l a b o r a t o r i e s  bo th  managers and subordinates agreed t h a t  research 
achievement was c l o s e l y  c o r r e l a t e d  w i t h  s a l a r y  adjustment. I n  
f i v e  l a b o r a t o r i e s  the  managers f e l t  the c o r r e l a t i o n  was very h igh  
b u t  t h e i r  own subordinates d i d  not  agree w i t h  them. On a  sca le  o f  
1-10 the  d i f f e r e n c e  between them was two t o  th ree  p o i n t s .  I n  o n l y  
one labora to ry  was the manager m r e  p e s s i m i s t i c  than h i s  men about 
the c e r t a i n t y  o f  reward for accomplishment. 
I t  becomes very c l e a r  tha t  i f  sa la ry  i s  t o  be used e f f e c t i v e l y  
as an i n c e n t i v e  f o r  s c i e n t i s t s  the labora to ry  managers need t o  
develop t h e i r  s k i  l l s  i n  the use o f  t h i s  t o o l .  Many o f  them may 
be adher ing t o  o l d  r u l e s  o f  secrecy i n  sa la ry  mat ters .  Several 
may be a f r a i d  t o  d iscuss the mat te r  w i t h  t h e i r  employees. What- 
ever the reason, the re  i s  no m e r i t  a t  a l l  i n  any f a i l u r e  t o  com- 
municate on s a l a r y  mat te rs  w i t h  t h e i r  own subordinates. Salary  
i s  a v i t a l  sub jec t  t o  everyone and i t  deserves f u l l  considera- 
t i o n  between super io r  and subordinate. 
Leadership 
Leadership i s  t h e  a b i l i t y  o f  the managers t o  imbue h i s  sub- 
o r d i n a t e s  w i t h  the zeal  and conf idence so e s s e n t i a l  i f  t h e i r  ca- 
p a b i l i t y  i n  the  achievement o f  o b j e c t i v e s  i s  t o  be f u l l y  u t i l i z e d .  
Many managers get  a long w i thou t  e x h i b i t i n g  leadership s k i l l s .  
They f i n d  themselves i n  charge o f  groups t h a t  work a t  the  
minimum l e v e l  necessary t o  mere a c c e p t a b i l i t y  o r  o f  groups t h a t  
are e n t i r e l y  se l f -mot i va ted .  It i s  c l e a r l y  t h e  leader 's  func t ion  
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t o  ma in ta in  p r o d u c t i v i t y  a t  a  l e v e l  r e f l e c t i n g  i n d i v i d u a l  ca- 
p a b i l i t i e s  o r  a t  l eas t  not  t o  i n t e r f e r e w i t h  those who a re  m o t i -  
va ted  by the de te rmina t ion  t o  do good science. 
I t  must be s a i d  t h a t  the s c i e n t i s t s  responding t o  t h i s  
survey do not  r e a l l y  understand the f u n c t i o n  o f  leadership.  
Thei r  remarks about the  leadership q u a l i t i e s  o f  t h e i r  super io rs  
were q u i t e  c l e a r  on t h i s  p o i n t .  Therefore, the exerc ise  o f  leader- 
sh ip  must be i n f e r r e d  from the  t o t 8 1  impression l e f t  by the survey. 
The quest ion becomes, What ac t ions  d i d  the managers take t h a t  
bauld a f f e c t  p o s i t i v e l y  the zeal  and confidence o f  sc ien t i s ts . !  
The answer echoes, "Very few indeed." They admin is tered labora- 
m r i e s  on the bas is  o f  c s t a b l i s h c d  company p o l i c i e s  r e l a t i n g  t o  
freedom o f  research, equipment, and s a l a r i e s .  They might have 
been i n f l u e n t i a l  i n  the establ ishment o f  t h i s  environment and 
i n  developing budgets tha t  would f a c i l i t a t e  ou ts ide  con tac ts  
f o r  t h e i r  s c i e n t i s t s .  T h e i r o v e r - a l l  perforniance seems a  b i t  
d e s u l t o r y .  
The general f a i l u r e  t o  secure the i d s n t i f i c a t i c n  o f  the 
s c i e n t i s t  w i t h  the f i r m  i s  most convinc ing evidence o f  thc  
f a i l u r e  o f  leadership.  S c i e n t i s t s  want t o  he!? the company t o  
i t s  ob jec t i ves ;  thcy a re  proud o f  t h e i r  c o n t r i b u t i o n s  t o  t h i s  
end. Th is  a t t i t u d e  was not  developed, a t  l eas t  i n  the l a b o r a t o r i e s  
considered i n  t h i s  survey. Rattier, leadership wss a l lowed t o  s h i f t  
t o  i n f l u e n t i a l  co l leagues who were encountered 
i n  p ro fess iona l  meetings and t o  the e d i t o r i a l  boards o f  t e c h n i c a l  
j ou rna ls .  I t  would appear t h a t  managers o f  s c i e n t i s t s  do 
no t  understand t h e i r  leadership f u n c t i o n  and have l i t t l e  s k i l l  
i n  t h i s  area. 
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I n  general the execut ion o f  the d i r e c t i o n  f u n c t i o n  by lab- 
o r a t o r y  managers i s  poor. Competi t ion has fo rced  e n t e r p r i s e s  
t o  e s t a b l i s h  l a b o r a t o r i e s  and an environment t h e r e i n  t h a t  i s  com- 
parab le  i n  v a r y i n g  degree w i t h  o ther  f i r m s .  The f i r m  i s  t r y i n g  
t o  understand the  s c i e n t i s t  and i t  has gone a long way i n  permi t -  
t i n g  freedom o f  a c t i v i t y ,  p u b l i c a t i o n  o f  r e s u l t s ,  and c r e a t i n g  
research c o n d i t i o n s  t h a t  most s c i e n t i s t s  want very much. The 
companies attempt t o  do t h e i r  j o b  w e l l .  I t  i s  the managers they 
appo in t  over t h e i r  s c i e n t i s t s  who demonstrate s p e c i f i c  weaknesses. 
Several instances o f  neglected comnunications were noted; the 
i n c e n t i v e  system was sometimes p o o r l y  app l ied  t o  i n d i v i d u a l  
s c i e n t i s t s ;  and the  i d e n t i f l c a t i o n  o f  s c i e n t i s t s  w i t h  the f i r m  
was no t  achieved. These managers have a need t o  be educated i n  
management. 
DIALOGUE OF THE SEMINARIANS 
DR. D'DONNELL: I t  would be h e l p f u l  t o  discuss the d i r e c t i o n  
f u n c t i o n  o f  manogsrs. I n  the managing process i t  i s  important 
t h a t  managers mot ivate,  communicate w i th ,  and p rov ide  leadership 
f o r  subordinates. 
DR. SILVERMAN: I t h i n k  we are  g e t t i n g  down t o  the funda- 
mental requirements f o r  the management of s c i e n t i s t s .  You have 
t o  r e a l l y  manage those people. You have t o  convince them t h a t  
they a re  i n  complete c o n t r o l  o f  t h e i r  des t iny  and t h e i r  research 
p r o j e c t ,  and a t  the same t ime you have t o  guide them i n t o  what 
you want t h e m  t o  be i n .  I suspect tha t  there are sops very 
e x c e l l e n t  research managers around \81h0 have been a b l e  t 3  convince 
t h e i r  people tha t  they a re  doing e x a c t l y  whst they want t o  do and 
a t  the same t ime f u l f i l l i n g  the o b j e c t i v e s  of the ccmpany. 
DR. OSTERYOUNG: I  would say t h a t  one o f  the  s u b t l e  measures 
t h a t  i s  used i s  i n  comun ica t ion ,  r e a l l y .  You t e l l  them what 
you want, and you g ive  thcm c e r t a i n  in fo rmat ion  and hope t h a t  
n ine t i n e s  out  o f  ten  i f  they come t o  a f o r k  i n  the road they 
w i l l  choose the f o r k  t h a t  i s  i n  the d i r e c t i o n  you r e a l l y  want 
them t o  go. 
DR. SILVERMAN: One o f  the th ings  we had b e t t e r  not  f a l l  
i n t o  i s  g e n e r a l i z i n g  on the term " s c i e n t i s t s . "  I t h i n k  t h a t  you 
w i l l  f i n d  even among s c i e n t i s t s  t h a t  the re  a re  those who p r e f e r  
t o  be l e f t  a lone to chose t h e i r  own work, and they a re  ve ry  happy 
i n  doing t h a t ;  and there  a r e  o ther  s c i e n t i s t s  who r e q u i r e  and 
need the  very s t rong  hand i n  t e l l i n g  them t h i s  i s  the area t h a t  
they should be working i n .  There i s  a  sense o f  s e c u r i t y  when 
somebody has p icked  ou t  a  f i e l d  and has decided t h a t  i t  i s  an 
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important f i e l d  f o r  t h a t  p a r t i c u l a r  s c i e n t i s t .  
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I a l s o  f e e l  t h a t  many i n d i v i d u a l  s c i e n t i s t s ,  w h i l e  they are 
achiev ing a  c e r t a i n  amount o f  ou ts ide  recogn i t i on ,  probably  a re  
look ing  a l s o  f o r  i n t e r n a l  r e c o g n i t i o n  which i s  much more d i f -  
f i c u l t  t o  ob ta in .  Managers o f  l a rge  o rgan iza t ions  a re  no t  
pay ing  much a t t e n t i o n  t o  t h e i r  s c i e n t i s t s  and are not  t r e a t i n g  
them as important i n d i v i d u a l s  o r  t h e i r  work as being impor tant .  
I t h i n k  t h i s  i s  something t h a t  i s  r e a l l y  lack ing  i n  i n d i v i d u a l  
o rgan iza t ions .  
DR. HAMERMASH: One o f  the th ings  tha t  I f e e l  i s  very impor- 
t a n t  i n  terms o f  the  r o l e  o f  the d i r e c t o r  o f  research, f o r  
example, i s  t h a t  the s c i e n t i s t  should f e e l  t h a t  h is  superv isor  
i s  someone he can go t o  and have a  sympathetic ear and a  shoulder 
t o  c r y  on. I t h i n k  we somehow ignore t h i s .  I n  fac t ,  i t  i s  frowned 
upon i n  many t e c h n i c a l  environments, but  t h i s  i s  an extremely 
poor th ing .  I t  i s  very n i c e  t o  be ab le  t o  come i n t o  someone's 
o f f i c e ,  someone who can he lp  you get over these per iods,  when f o r  
th ree  o r  four  months you Feel as i f  you have done no th ing .  
DR. O'DONNELL: Th is  would be a  very important f u n c t i o n  o f  
the leadership r o l e ,  I  would t h i n k .  
DR. HAMERMASH: I t  i s  one t h a t  i s  very sadly  lack ing .  
DR. SILVERMAN: One t h i n g  t h a t  we were t a l k i n g  about i s  what 
the  s c i e n t i s t  expects o f  the superv isor .  He has a  dual responsi- 
b i l i t y  which he sometimes i s  unable t o  t r a n s l a t e  i n  e i t h e r  d i r e c t i o n  
because he i s  responsib le  t o  t h e  people t o  whom he r e p o r t s  and t o  
the  people who r e p o r t  t o  him. I  t h i n k  t h a t  one o f t h e  th ings  t h e t  
f i s  r e a l l y  lack ing,  i s  communication. The quest ion is ,  "How iso -  
l a t e d  should t h e . i n d i v i d u a l  s c i e n t i s t  be?" I t h i n k  t h a t  they 
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should no t  be i so la ted .  I t h i n k  the  more t h a t  they know about 
the  e n t i r e  f u n c t i o n  t h e  b e t t e r .  For example, you mentioned 
schedul ing. There may be some p e r f e c t l y  good reasons t h a t  meet- 
i ngs  a r e  c a l l e d  on shor t  n o t i c e  and a t  va r ious  times. You c a n ' t  
coord ina te  every th ing  w i t h  everybody. But I t h i n k ,  i n  general, 
management doesn't  t r a n s l a t e  each problem t o  the people upon 
whom i t  impacts and t h i s ,  i t  seems t o  me, i s  oneo f  the r o l e s  o f  
management. A t  the same t ime i t  i s  one o f  the r o l e s  o f  the i n d i -  
<dua l  s c i e n t i s t  t o  recognize t h a t  the people above him have 
problems too- -a  budget o f  time, space. o r  d o l l a r s .  
. . . . . . . . . . . . . . . . . . . .  
OR. O'DONNELL: How do s c i e n t i s t s  want t o  oe mot ivated? 
DR. GREEN: That i s  a  complete ly  meaningless ques t ion  
because s c i e n t i s t s  don ' t  want t o  be mot ivated.  They are mot i va ted  
i f  they a re  s c i e n t i s t s .  I c a n ' t  t h i n k  o f  any e x t e r n a l  mechanism 
whereby you can mot i va te  anybody. I f  i t ' s  no t  i n  them, then i t  i s  
n o t  i n  them. 
DR. FRANTZ: I agree t h a t  n e a r l y  anybody who i s  i n  science 
i s  mot ivated.  I t h i n k  the quest ion t o  ask, i s  "How can you a l i g n  
the  goals o f  the company w i t h  the mot i va t ions  t h a t  a re  a l ready  i n  
the s c i e n t i s t s ? "  I  d o n ' t  r e a l l y  know the answer t o  t h i s .  I  
t h i n k  p a r t  o f  the  answer l i e s  i n  the fac t  t h a t  a l l  o f  us whether 
we a re  i n  i v o r y  towers now o r  not ,  have been educated i n  the  
i v o r y  tower and have learned the  mot i va t ions  t h a t  go w i t h  t h a t .  
A l o t  has t o  do w i t h  va r ious  forms o f  s ta tus ,  recogn i t i on ,  and so 
f o r t h .  Tha t ' s  the  k i n d  o f  t h i n g  you see mos t l y  i n  the  i v o r y  
tower, and I t h i n k  we see much o f  t h a t  ou ts ide  the  i v o r y  tower 
i t s e l f .  People doing bas ic  research would l i k e  t o  p u b l i s h  bas ic  
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research papers snd be respected by t h e i r  peers. I f  t h a t  i s  
t 
not  ava i la I> le ,  then you have t o  f i n d  some o ther  k i n d  o f  c c t i -  
va t ion ,  same o ther  k i n d  o f  s t a t u s .  I d o n ' t  know the  answer. 
OR. DONNA WILSON: I  would r e a l l y  have t o  agree w i t h  t h e  
statement o f  Jack Green. I n  the i v o r y  tower s i t u a t i o n  i n  which 
I l i v e  and work, the  m o t i v a t i o n  has t o  be i n  the person o r  the  
s c i e n t i s t  o r  we don ' t  have i t .  
DR. O'DONNELL: And t h a t  i s  good and s u f f i c i e n t ?  Are the re  
no o ther  means o f  n i o t i v a t i o n  t h a t  a re  poss ib le?  
DR. DONNA WILSON: I  c e r t a i n l y  can get  i n t e r e s t e d  i n  problems 
t h a t  my company has, and, you know, I  f e e l  a  c e r t a i n  r e s p o n s i b i l i t y  
a, f i n d  the r e l a t i o n s h i p  between those who support me and what I  
have t o  o f f e r  them, bu t  I r e a l l y  t h i n k  i n  phras ing i t  t h i s  way i t  
1 i s  even a  b i t  a n t a g o n i s t i c  toward the i v o r y  tower type o f  sc ien-  
t i s t  o r  the person who r e a l l y  i s  mot ivated t o  science. This  i s  
the same experience I  had w i t h  t r y i n g  t o  formulate goals i n  as- 
tronomy. That .  statement antagonizes. 
OR. HAMERMASH: You say your s i t u a t i o n  i s  l i k e  being i n  the 
astronomy department a t  t h e  u n i v e r s i t y .  
OR. DONNA WILSON: Perhaps t o  a  c e r t a i n  ex ten t .  
OR. SCHNEIDERMAN: I t  i s  as c lose  t o  i t  as you can p o s s i b l y  
get i n  the i n d u s t r i a l  s i t u a t i o n .  
OR. OONNA WILSON: What I ' m  speaking about here means t h a t  
i f  you can r e a l l y  p o i n t  t o  one 's  l o y a l t y ,  i t  i s  t o  astronomy and 
no t  t o  Dauglas, Lockheed, the  Giant Corporat ion, oreny p lace  e lse .  
I t  never can be, and 1 f e e l  t h i s  ve ry  s t r o n g l y .  
j I n  d iscuss ions w i t h  c e r t a i n  manager types I  f i n d  t h a t  
t h e i r  l o y a l t y  is  more t o  Douglas, Lockheed o r  the  f i r m  t h a t  
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employs them. I ' m  no t  say ing one i s  bad o r  good, b u t  I t h i n k  
the re  i s  a  d i f f e r e n c e .  
DR. HAMERMASH: Th is  quest ion o f  l oya l t y - -even  i f  you have 
an o r g a n i z a t i o n  where you do have an a p p l i c a t i o n  o r i e n t a -  
t ion, you s t i  l l have t h i s  problem o f  the  major re ference groups 
f o r  t e c h n i c a l  people. There i s  the American Physica l  Society, 
the American B i o l o g i c a l  Society  and others,  and the  rewards t h a t  
t h e  fe l lows  get a re  from reading a  paper a t  a  mecting, and you 
have, say, someone pa t  you on the  back and say tha t  he read 
your peper, the one you pub l i shed  l a s t  month. That i s  
a  f a r  b igger  reward than something tha t  happens i n  the company. 
Now, what you a re  saying i s  t h a t  you a re  f r e e  t o  operate 
i n  tha t  arena most o f  the  t ime except f o r  c o l l e c t i n g  your pay- 
check and reading some company memos. 
OR. DONNA WILSON: The remark about the paycheck becomes a  
very very sore p o i n t  f o r  s c i e n t i s t s .  I would c e r t a i n l y  agree w i t h  
Jack, my neighbor down the h a l l ,  t h a t 1  had b e t t e r  w e l l  r e l a t e  my 
work and being supported t o  the goals o f  the company. I  f e e l  
a  great  r e s p o n s i b i l i t y .  
OR. HAMERMASH: That i s  a  change o f  ground now, though. 
DR. DONNA WILSO1.I: But f i r s t  and foremost, my m o t i v a t i o n  i s  
fo r  the  problems t h a t  a r e  i n t r i g u i n g  t o  me as a  s c i e n t i s t .  
OR. HAMERMASH: Only secondly do they somehow f i t  some co- 
mpany goal .  
DR. OONNA WILSOi4: Wel I, you see, again, t h a t  i s  m o t i v a t i o n .  
MR. BOYKIN: May I ask Jack Green a  quest ion? S c i e n t i s t s  
a l ready have t h e i r  mot i va t ion .  I presume t h a t  i t  i s  p o s s i b l e  t o  
mot i va te  them nega t i ve ly .  I f  you got  your paycheck and you d i d n ' t  
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f e e l  you got a  f a i r  one o i  some o t h e r  company t r e a t e d  people i n  
your s i t u a t i o n  b e t t e r  than you have been t reated,  would your 
1 
m o t i v a t i o n  dwindle a  b i t ?  
DR. GRECH: You hzve t o  be p r a c t i c a l .  I f  you d i d  not  get 
a  paycheck a t  a l l ,  you c e r t a i n l y  would be mot ivated t o  go e lse -  
where. But t h a t  i s  c a r r y i n g  i t  t o  extremes. 
I t h i n k  t h a t  the  sa la ry  scales f o r  s c i e n t i s t s  i n  indus t ry ,  
government, o r  u n i v e r s i t i e s ,  a re  approaching a  c o m n  l e v e l .  
I f  a  s c i e n t i s t  wants t o  do a c e r t a i n  b i t  o f  rcseerch and the 
conipsny o b j e c t i v e s  a re  q u i t e  a l i e n  t o  t h i s ,  then he wi l l seek 
a  government o r  u n i v e r s i t y  p o s i t i o n .  I f  the s c i e n t i s t  has the 
a b i l i t y ,  he can do much as he pleases. I t  sounds r a t h e r  dogmatic, 
bu t  I t h i n k  t h i s  i s  an e ra  where we a re  very fo r tuna te .  
DR. SILVERMAN: What you a r e  say ing i s  t h a t  p a r t  o f  your 
1 m t i v a t i o n  i s  sa la ry .  There i s  enough d i f f e r e n t i a l  between 
i n d u s t r i a l  s a l a r y  where you do a p p l i e d  research and the i v o r y  
tower where you might  indeed do some a p p l i e d  research. 
DR. GREEN: I f  your sa la ry  i s  not  s u f f i c i e n t  t o  permi t  you 
t o  c a r r y  on the work you want t o  do because your fami l y  i s  unable 
t o  su rv ive  f i n a n c i a l l y ,  then you ' re  more o r  less o b l i g a t e d  t o  
seek another p o s i t i o n .  There a r e  c u t - o f f  p o i n t s  a t  d i f f e r e n t  
l e v e l s  f o r  d i f f e r e n t  s c i e n t i s t s  i n  m o t i v a t i o n  o r  d e d i c a t i o n  t o  
h i s  j o b  as they r e l a t e  t o  the  w e l f a r e  o f  h i s  fami ly ,  du ty  t o  
h i s  c o r n u n i t y  o r  country ,  e tc .  I n  the  non-extreme case, s a l a r y  
i s  important,  bu t  i do no t  b e l i e v e  i t  i s  t h e  o v e r r i d i n g  considera- 
t i o n  i n  s e l e c t i n g  o r  r e t a i n i n g  a  p o s i t i o n .  
DR. SILVERMAN: What has your s a l a r y  go t o  do w i t h  i t  one 
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way o r  the  o t h e r ?  The s a l a r y  o n l y  has t o  do w i t h  your be ing  
a b l e  t o  support y o u r s e l f  &rid your fami l y  as you would l i k e  t o  
be supported. 
DR. GREEN: The s a l a r y  does not  permi t  you t o  do research 
i n  the d i r e c t i o n  you wish. I am saying t h a t  the re  a r e  a l o t  o f  
research areas i n  which you may wish t o  enter  and i f  y o u ' r e  
unable t o  do so then y o u ' r e  more o r  less  o b l i g a t e d  t o  seek 
another p o s i t i o n .  Your sa la ry  i s  impor tant ,  bu t  i t ' s  no t  the 
o v e r r i d i n g  cons idera t ion .  
I have c a r r i e d  t h i s  ou t  t o  the  extreme. I n  the  beginning 
o f  t h i s  d iscuss ion we had no sa la ry  a t  a l l ,  you see. 

DR. OSTERYOUNG: No, t h a t  i s  p a r t  o f  h i s  motive. Re- 
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moving i t  i s  a  nega t i ve  f a c t o r .  
DR. GREEN: The s c i e n t i s t  w i l l  move away t o  a j o b  elsewhere. 
DR. D'DONNELL: Yes, so long as a l t e r n a t i v e s  e x i s t .  
DR. OSTERYOUNG: On the  o t h e r  hand, the concept can be 
a p p l i e d  t o  what i s  the  m o t i v a t i n g  fo rce  behind the whole lab- 
o r a t o r y .  I n  shor t ,  what do the people who g i v e  the  money want? 
They a re  going t o  have t o  decide how they want t o  mot i va te  
the people, and b a s i c a l l y  they are going t o  have t o  decide 
what, f o r  example, accrues t o  them by having these people who 
a re  se l f -mot  i v a t i n g ,  work f o r  them. 
MR. SCHNEIDERMAN: I n  my p a r t i c u l a r  case thc  management 
o f  the company i s  q u i t e  w i l l i n g  t o  accept the i n t a n g i b l e s  f o r  
b the r e t u r n  on t h e i r  investment. I know t h a t  t h i s  doesn't  
sound r e a l ,  bu t  t h i s  i s  the way i t  i s  i n  t h i s  p a r t i c u l a r  case. 
The concept o f  manager-motivat ion was not  necessary. The idea 
t h a t  the company would get immediate p roduc t i ve  r e s u l t s  d i d  
not  e x i s t .  Th is  i s  a  r a t h e r  unique labora to ry  i n  t h i s  wor ld  
o f  ours.  
DR. SALZER: The quest ion was, "How does a s c i e n t i s t  want 
t o  be mot ivated? ' '  The f i r s t  answer t o  t h a t  was t h a t  he doesn ' t  
need t o  be mot i va ted  by o thers ;  he i s  mot i va ted  i n t e r n a l l y .  
Mrs.  ti lson began t o  g i v e  us a c l u e  t o  what mot ivates her .  
I would l i k e  t o  know what mot ivates Jack and Lee and others, 
because I  may lea rn  something. Jus t  t e l l  me what mot ivates you: 
we may be ab le  t o  p rov ide  those f a c t o r s  then f o r  our  s c i e n t i s t s .  
1 DR. FRANTZ: I w i l l  t e l l  you what mot ivates me. I t  i s  the  
d e s i r e  t o  t u r n  ou t  some research t h a t  I can be proud o f ,  t h a t  
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I know my f r iends  i n  the  phys lcs business w i l l  respect and, 
therefore,  respect me. 
DR. LYON: Not i n  regard t o  your environment, t o  your o f f i c e  
s a l a r i e s ?  
DR. FRANTZ: Oh, the re  a re  rnot ivet ions the re  too, o f  course. 
Those th ree .  L e t ' s  see i f  I can r e 2 l l y  evaluate on2 r e l a t i v e  t o  
the o ther .  
MR. WELTY: I t h i n k  i f  you dr-w a parameter o f  c o n t i n u i t y  
o f  your work and what you 20 from day to day, you would see these 
are two d i  f ferene c l i v i s ions .  I  t h i n k  the re  i s  some con fus io r~ .  
I t h i n k  sa la ry  has e g rca t  deal t o  do w i t h  the dec is ion  you cake 
whether you are going t o  s tay  a t  t h a t  company o r  move t o  another 
company but  probably  doesn ' t  have a l o t  t o  do w i t h  what you do 
day t o  day. So you have t o  look a t  m o t i v a t i o n  i n  two d i r e c t i o n s :  
One, t h a t  i t  determines where you ' re  going t o  work and two, a f t e r  
you have decided t h a t ,  what you a re  going t o  do from day t o  day. 
CR.FRANTZ: A l l  r i g h t ,  I  w i l l  answer the second one. dhen 
the c o n t r a c t  t h a t  I am working on rounds ou t ,  I have t o  get i t  
renewed o r  f i n d  another one, and so what I am doing r i g h t  now 
i s  be ing mot ivated by the need t o  s a t i s f y  the requirements o f  
t h a t  c o n t r a c t .  Now, t h a t  i s  a  k i n d  o f  fo rce -mot i va t ion .  
MR. WELTY: Wouldn't  you say t h a t  your day-to-day work i s  
based upon g e t t i n g  r e c o g n i t i o n  front your contemporaries? 
DR. FRANTZ: Yes, i t  i s .  
WR. WELTY: Then, your s a l a r y  and maybe your o f f i c e  f a c i l i -  
t i e s  come i n t o  the  dec is ion  whether you are going t o  s tay  where 
you a r e  o r  move t o  another company. 
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DR. FRANTZ: The s a l a r y  and the  o f f i c e  f a c i  l i t i e s ,  I sup- 
pose, come i n .  I  tend t o  t h i n k  i t  i s  going t o  be much the  same 
i n  any company; so I  d o n ' t  r e a l l y  t h i n k  about moving. 
DR. OSTERYOUNG: How about the c l i m a t e  i n  C a l i f o r n i a ?  
DR.FRANTZ: To an ex ten t .  We a re  k i n d  o f  running ou t  o f  
t h i n g s  t h a t  apply  not  o n l y  t o  me bu t  t o  a l o t  o f  people. 
DR. SILVERMAN: What about the r e p u t a t i o n  o f  the company? 
DR. FRANTZ: I t  doesn ' t  mean any th ing  t o  me when I t h i n k  
about i t .  
DR. SALZER: Why a r e  we t r y i n g  t o  force th ings  i n t o  your 
mouth? I  hones t l y  t h i n k  most o f  the th ings  t h a t  are c i t e d  here, 
except the ones t h a t  you have mentioned, don ' t  add up t o  
ten  percen: o f  the  m o t i v a t i o n  i n  t o t a l .  
There might be o ther  th ings  t h a t  you don ' t  r e a l i z e  tha t  
a re  important t o  mot i va t ion ,  bu t  c e r t a i n l y  one t h a t  you mentioned 
probably  f a r  o u t s t r i p s  a l l  the  o ther  th ings .  
DR.FRANTZ: Which one are you t a l k i n g  about? 
DR. SALZER: Recogni t ion as a s c i e n t i s t .  
DR. FRANTZ: I  am not  sure t h a t  I know how you measure i t .  
Perhaps by reference t o  my work, pepers, and th ings  t h a t  people 
say a t  meetings. 
DR. HAMERMASH: What about r e c o g n i t i o n  i n  the company? 
DR. FRANTZ: That would be a n i c e  t h i n g .  I ' m  not  aware 
t h a t  i t  e x i s t s .  
DR. HAMERMASH: What about when someone c a l l s  and asks f o r  
your adv ice i n  some o ther  area? 
1 DR.FRANTZ: Yes, i t  makes me f e e l  good, bu t  not  a  greaC 
dea I. 
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DR. LYON: I f  they took you away from your o f f i c e  and pu t  
you ou t  i n  the  cen te r  o f  a  b i g  bay-- 
DR. GREEN: I  have been i n  t h i s  s i t u a t i o n .  
DR. LYON: Now, would your de ree o f  rnot ivat ipn.change? 
Assuming thc  bay environment prec lu%ed research a c t r v l  t f e s ,  
DR. GREEN: No./ I would go someplace e l s e  where I cou ld  
be i n  an environment t o  do what I wished t o  do. 
DR. LYON: Then one o f  the th ings  t h a t  mot ivates you i s  
the proper environment f o r  you t o  do your work. I s  t h i s  the 
answer t o  the ques t ion?  
DR. GREEN: The environment niai;es i t  eas ie r  t o  c a r r y  out  
c e r t a i n  aspects o f  research but  i t  does not  p rov ide  the mot i -  
v a t i o n .  The m o t i v a t i o n  i s  the re  long be fo re  you move i n t o  the 
o rgan iza t ion ,  I  b e l i e v e .  
DR. DONNA WILSON: Maybe we a re  t a l k i n g  about a  s p i r i t u a l  
t h i n g .  I  am no t  t a l k i n g  about the desk o r  the carpet  sr the 
f l o o r ;  I am t a l k i n g  about the environment tha t  a l lows  me t o  work 
on the th ings  I have t o  work on. The paycheck i s  one p a r t  o f  
that ,  bu t  i t  i s  not  the o v e r r i d i n g  issue. 
DR. SILVERMAN: I t ' s  not the t h i n g  t h a t  made you a scien- 
t i s t  i n  the f i r s t  p l a c e ?  
DR. DONNA WILSON: No. When I  f i r s t  went i n t o  astronomy 
I  gave up a good j o b  and s t a r t e d  working f o r  seven ty - f i ve  cents  
an hour i n  a basement where scorpions f e l l  from the c e i l i n g  and 
i n t o  t h e  darkroom hypo pan. Everyone s a i d  tha t  I was c razy .  
DR. D'DONNELL: Do you recognize, Mrs-. L l i  Ison, t h a t  the 
company might conceivably  do something t o  reduce your zea l - -  
DR. DONNA W I  LSDN: Yes, oh yes. 
DR. O'DONNELL: --as a s c i e n t i s t ?  
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DR. DONNA WILSON: No, no t  as a  s c i e n t i s t .  They c o u l d  
do th ings  t h a t  w i l l  make me go someplace e l s e  t o  do science. 
DR. SCHNEIDERMAN: Q u i t e  a  number o f  the  f a c t o r s  a re  unique 
and d i s t i n c t  f o r  the  m o t i v a t i o n  O F  a  h i g h l y  i n d i v i d u a l i s t i c ,  
c r e a t i v e  s c i e n t i s t .  When you take the parameters o f  s a l s r y ,  
desks, o f f i c e s ,  p a r k i n g  spaces and so on--and these a r e  i n  the 
realm o f  the more m a t e r i a l - - t h e s e  are the same th:ngs t h a t  make 
a  senior  engineer go from one p lace o r  another. But I  t h i n k  
the major d i f f e r e n c e  between the  fundamental research s c i e n t i s t  
and the nian i n  the a p p l i e d  o r  the eng ineer ' s  s ide  o f  the house-- 
and I have been on b o t h  s i d e s - - i s  t h a t  the people invo lved  i n  
fundamental research have a t  l eas t  the f o l l o w i n g  few t h i n g s  as 
pr ime m o t i v a t i n g  f a c t o r s ,  namely, the  h i g h  f a c t o r  f o r  i n d i v i d u a l  
dec is ions,  and the  a b i l i t y  and the  importance o f  pu rsu ing  re -  
search t h a t  ti ley want t o  do i n  the  manner i n  which they want 
t o  do i t  whether i t  i s  i n  the  basement o f  a  labora to ry  o r  ?n 
top o f  Mt. Wilson. I t  i s  l i k e  the i n d i v i d u a l  a r t i s t  who wants 
t o  p a i n t  h i s  way. He cares not  whether you l i k e  i t .  tie p a i n t s  
because he i s  an a r t i s t .  
I t h i n k  t h a t  i t  i s  these f a c t o r s  t h a t  mot i va te  o r  p rov ide  
a good environment o r  p rov ide  the reasons why s c i e n t i s t s  w i l l  
s tay  a t  one company o r  one u n i v e r s i t y  as d i s t i n g u i s h e d  from 
m o t h e r .  The th ings  t h a t  cause him t o  leave f o r  another v i s t a ,  
a re  s a l a r y  o r  the desk o r  the  o f f i c e .  
These a re  some o f  t h e  f a c t o r s  involved,  b u t  one would be 
o v e r r i d i n g .  L e t ' s  say some ogre came i n  and sa id,  "Dr. Wilson, 
you a re  not  go ing t o  do any work i n  astronomy. That i s  a l l  t h e r e  
i s  t o  i t .  I have had enough o f  that . ' '  Now, t h a t ' s  negat ive 
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m o t i v a t i o n .  I don ' t  t h i n k  Dr. Wilson would be there  too much 
3 
longer. She would go f i n d  something e l s e  t o  do. 
MR. kIELTY: We must decide what we a re  being mot i va ted  t o  
do. I f  you a re  t a l k i n g  about pure m o t i v a t i o n  t h a t  has no 
meaning. B a s i c a l l y  i f  you want t o  t a l k  about be ing  mot i va ted  
t o  s tay i n  a  c e r t a i n  p lace,  t h a t  i s  one t h i n g .  I f  you want t o  
s tay mot i va ted  t o  work i n  a  c e r t a i n  d i r e c t i o n ,  th,2c i s  another 
thing. I f  you are t a l k i n g  about m o t i v a t i o n  t o  be cooperat ive 
iri t h  management, tha t  i b   no:::.'? f 5 : 7 ~ . ,  "-2' h-s(o +r2 t a l k  
 bout be ing  mot i va ted  t o  do son:ething. 
OR. O'DONNELL: Well ,  I  t h i n k  you should r e a l l y  be t a l k -  
ing about r o t i v a t i o n  of peonle t o  do what you h i r e d  them t o  do. 
I n  the case o f  s c i e n t i s t s ,  I would t h i n k  t h i s  wouPd be achiev- 
$ i n g  r e s u l t s  from t h e i r  research. 
MR. WELTY: Well ,  you want s c i e n t i s t s  i n  hopes t h a t  they 
wi I 1  do what you want then: t o  do, bu t  t h i s  i s  a  complex t h i n g .  
You have got t o  combine severa l  th ings .  You d o n ' t  mot i va te  them 
t o  do j u s t  one o f  them. As I  have po in ted  out ,  sa la ry  main ly  
h3s t o  do w i t h  whether he i s  going t o  stay there, and not 
w i t h  what he dces and how he approaches h i s  work. 
DR. OSTERYOUNG: Let me throw t h i s  around. 1 t h i n k  tha t  
we a re  t a l k i n g  about the bas ic  research s c i e n t i s t .  When you 
h i r e  him out  o f  the  u n i v e r s i t y - - u s e  t h a t  as some basel ine--he 
i s  mot i va ted  t o  c a r r y  ou t  h i s  s c i e n t i f i c  work. Now, i f  you 
h i r e  him i n t o  a  bas ic  research o r g a n i z a t i o n  I d o n ' t  thinlc you 
r e a l l y  can o r  have t o  mot i va te  him. 
4 My f e e l i n g ,  based on some observat ion,  i s  t h a t  as you go 
down the  l i n e  from a b a s k  research o r g a n i z a t i o n  t o  an a p p l i e d  
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o r g a n i z a t i o n  t o  some s o r t  o f  t rouble-shoot  ing, f i r e  f i g h t i n g  
o rgan iza t ion ,  the c a l i b e r  o f  the  people t h a t  you f i n d  a c t u a l l y  
goes down. There are, c e r t a i n l y ,  i n d i v i d u a l s  who a re  compara- 
b l e ,  bu t  the s c i e n t i f i c  c a l i b e r  o f  the  people goes down. One 
o f  t h e  reasons i s  t h a t  you cannot o r  haven' t  been ab le  t o  mot i va te  
people who a re  b a s i c a l l y  o r i e n t e d  t o  rove  i n t o  some o f  these o t h e r  
areas. This  i s  where i n d u s t r y  makes a  c r u c i a l  mistake because 
i t  i s  p r e c i s e l y  as you m v e  down t h i s  cha in  t h a t  the d o l l a r  
va lue  o f  the o r g a n i z a t i o n  goes up. 
MR. IAMS: The words "basic research" does not  necessar i l y  
mean the same t h i n g  t o  everybody. 
DR. SCHNEIDERMAN: That i s  r i g h t .  
MR. IAMS: To some, research i s  bas ic  when there  i s  no 
b immediate a p p l i c a t i o n  f o r  i t ;  and t o  o thers ,  i t  i s  bas ic  when 
i t  der i ves  new knowledge which may have u t i l i t y .  1 t h i n k  t h a t  
many i n d u s t r i a l  l a b o r a t o r i e s  do very f i n e  research which ex- 
tends human knowledge, bu t  hunan knowledge i n  a  way t h a t  can be 
app I i ed. 
I  l i k e  t o  t h i n k  t h a t  the re  a re  many f i n e  s c i e n t i s t s ,  and 
s c i e n t i s t s  i n  the best sense o f  the  word, who a re  d e r i v i n g  
knowledge w i t h  the i n t e n t  t o  apply  i t .  
DR. SALZER: Ta lk ing  about f u r n i t u r e  and phys ica l  surround- 
ings, I am s u r p r i s e d  t h a t  nobody mentioned t h a t  a  s c i e n t i s t  
might  s tay  w i t h  a  company because i t  has an e l e c t r o n  micro-  
a l t e r n a t i v e  company 
scope whereas an / - doesn ' t .  Th is  i s  r e a l l y  p a r t  o f  the 
mot i va t ion ,  i s n ' t  i t ?  You have the  environment and the  t o o l s  
t o  do your work. 
DR. GREEN: 
rt .5-arch t o o l  
the re  are great  
Most research o rgan iza t ions  have a  spectrum o f  
" inst rumenta l ! '  
s .  That i s  more o r  less a  comnon/level, a l though 
i n  the phys ica l  p l a n t .  
d i f f e r e n c e s /  One p h y s i c i s t  may r e q u i r e  a  cyc- 
l o t r o n  o r  something. This  i s  an exception, bu t  nli c  ro -  
labora to ry  
scopes and spectrometers are found i n  almost a l l  t a r g e l  
comp l exes.. 
DR. O'DONNELL: I am i n t e r e s t e d  i n  how the rn-nagers res-  
pond t o  t h i s  inpu t  from our s c i e n t i s t s .  
DR. SALZER: I natirrd too much weinht i s  a iven t o  a  s a l a r y  
l e v e l  and paycheck. I t r u l y  f e e l  tha t  those a re  not major 
m o t i v a t i n g  f a c t o r s .  
DR. O'DONNELL: Yet I have heard the same people t a l k  about 
somparablu income o r  f r i n g ?  b e n e f i t s  as mot i va t ions  f o r  the 
s c i e n t i s t .  So many o f  the s c i e n t i s t s  seem t o  be drarin i n t o  a  
managerial  spot perhaps against  t h e i r  w i l l  because they t h i n k  
the re  a re  more rewards a v a i l a b l e  i n  rnanzgement than there  a re  
i n  the s c i e n t i f i c  f i e l d .  This  means t o  me t h a t  t h i s  i s  an 
aspect o f  m o t i v a t i o n .  One n i g h t  very w e l l  be persuaded t o  
con t inue  i n  the s c i e n t i f i c  r o l e  i f  the  e n t e r p r i s e  would 
p rov ide  t h i s  p a r t i c u l a r  oppor tun i t y .  
DR. SALZER: Th is  was a  f a c t o r  twenty years ago. Today 
it i s  almost the opposi te .  i n  f a c t ,  we reviewed somebgdy whose 
sa la ry  c o u l d n ' t  be j u s t i f i e d  on the bas is  O F  management s k i l l s  
and had t o  be j u s t i f i e d  on the bas is  tha t  he was a l s o  an ex- 
c e l l e n t  s c i e n t i s t  and cou ld  c o n t r i b u t e  tha t  way. So I  t h i n k  
t h a t  t h i s  b a t t l e  has been fought and won by the s c i e n t i s t s .  
DR. SCHNEIOERMAN: I submit t h a t  i t  has been l o s t  by the  
s c i e n t i s t s .  I submit t h a t  r e l a t i v e  t o  t h e  t r u c k  d r i v e r ,  r e l a t i v e  
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DR. SILVERMAN: Well, you j u s t  admi t ted t h a t  i t  would 
because you adnl i t ted t h a t  i n  one environment you would be more 
p roduc t i ve  even though you a r e  seeking ou t  these assoc ia t ions .  
You a re  a d m i t t i n g  tha t  you need t h a t  environ3:ent t o  be p roduc t i ve  
and, therefore,  I contend tha t  t h i s  i s  mot i va t ion .  
DR. GREEN: You are equat ing p r o d r ~ c t i v i t y  w i t h  m o t i v a t i o n .  
DR. OIDOtI!.IELL: That i s  the r e s u l t  o f  m o t i v a t i o n  
DR. SILVERMAN: That was the ground t h a t  we es tab l i shed .  
one 
DR. HANERMASH: How wouldjde-motivate you,Jack? L e t ' s  
put  i t  t h a t  way. 
DR. GREEN: I suppose loss o f  s i g h t  and mind. 
OR. OSTERYOUNG: You are t a l k i n g  about the f a c i l i t i e s ,  
c e r t a i n  th ings  which can increase the p r o d u c t i v i t y  o r  r e a l l y  
1 the r a t e  a t  which you move towards ach iev ing  those th ings  
t h a t  mot i va te  you. 
DR. SILVERMAN: Not mental a t t i t u d e ?  
DR. OSTERYOUNG: I don ' t  t h i n k  i t  i s  a  mat ter  o f  mental 
a t t i t u d e .  I n  o t h e r  words, you might w e l l  argue t h a t  i f  you 
were work ing complete ly  i s o l a t e d  w i t h  a l l  the  f a c i l i t i e s  i n  
the world, you would no t  be as p roduc t i ve  as you would be i f  
you were working i n  a  la rger  environment w i t h  co-workers. But 
tha t  does not  mean t h a t  you a re  necessar i l y  mot ivated.  
DR. GREEN: That i s  what I was t r y i n g  t o  b r i n g  ou t .  
DR. SILVERMAN: How do you judge m o t i v a t i o n ?  
DR. OSTERYOUNG: I t  may be, f o r  example, t h a t  the re  a r e  
th ings you d o n ' t  have access to ,  j ou rna ls ,  f o r  example, i n  
3 given areas, your progress i s  n o t  going t o  be as great ,  b u t  
you a r e  mot ivated.  
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he would'  be proc~d o f .  To me, t h a t  i s  more a  ques- 
t i o n  o f  s e l f - m o t i v a t i o n  o r  p r i d e ,  and i t  i s  what we are r e a l l y  
t a l k i n g  about.  I  rrould d i s t i n g u i s h  t h a t  from the t h i n g s  t h a t  
the  company can do o r  management can do t h a t  w i l l  b r i n g  ou t  the 
best i n  the  employee. I n  t h a t  category I  would szy t h a t  sa la ry  
i s  one f a c t o r ,  the work environment i s   noth her. The express ion 
o f  apprec ia t ion  f o r  the work t h a t  i s  done, the acceptance o f  
i t ,  by the company--these are a l l  th ings  tha t  the company can 
do t o  make the s c i e n t i s t  f e e l  good, and_ t h i s  i x  ~ r t  i v a t  i on .  
I  iin sure the re  are o thers ,  but  I  t h i n k  ~t i s  f a c t o r s  l i k e  
t h e r e t h a t  are r e a l l y  thc  subject  o f  what you are t r y i n g  t o  yet 
a t ,  end t o  the extent  t h a t  i t  i s  p o s s ~ b l e  i n  our corpany, yes, 
I t h i n k  we a re  doing t h ~ t .  
This gets t o  be a  r e a l  ;,ersonul issue, and many t i m e s  the re  
a re  th ings  you cannot do. I t  i s  sometines d i f f i c u l t  t ?  set 
the s c i e n t i s t  apar t  from o t h c r  pecple p a i d  on a  cunpsrable leve l  
and g ive  one something e l s e  tha t  the o ther  doesn't  have because 
he i s  a  s c i e n t i s t .  Th is  sometimes r e s t r a i n s  what you igould 
l i k e  t o  do i n  order  t o  p rov ide  the qu ie t  c o m f o r t ~ i j l e  env i ron-  
rent f a r  the s c i e n t i s t  t o  work i n .  
DR. O'DONNELL: And g e t t i n g  back t o  Jack--do you recog- 
n i z e  t h i s  as a  m o t i v a t i o n ?  
DR. GREEN: No. M o t i v a t i o n  I t h i n k  i s  s e l f - m o t i v a t i o n .  The 
o ther  aspects such as the phys ica l  environment, the  labora to ry  
equipment, the  o ther  f r i n g e  b e n e f i t s ,  make i t  eas ie r  f o r  a  
s c i e n t i s t  t o  pursue h i s  o b j e c t i v e s .  And why i s  he mot ivated? 
I  t h i n k  he i s  mot i va ted  mos t l y  because he wants t o  know. 
DR. LYON: You can do t h a t  i n  your own home. 
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s t i m u l i  t o  c r e a t i v i t y  and no t  use the word "mot ivat ion"  as 
a p p l i e d  t o  s c i e n t i s t s  because there  are the i m p l i c a t i o n s  from 
the general business a d m i n i s t r a t i o n  terminology.  As Jack puts  
i t ,  the  m o t i v a t i o n  comes p r i m a r i l y  from the  i n d i v i d u a l .  
But r e a l l y  what t h e  i n d i v i d u a l  s c i e n t i s t  looks f o r ,  i s  the 
atmosphere o r  the  th ings  t h a t  p rov ide  some s t i m u l i  t o  c r e a t i v i t y  
--perhaps the o p p o r t u n i t y  t o  p a r t i c i p a t e  i n  meetings, perhaps 
the o p p o r t u n i t y  t o  use the ast ronomical  f a c i l i t i e s  a t  C a l i f o r n i a  
I n s t i t u t e  o f  Technology o r ,  i f  they don ' t  have a  p a r t i c u l a r  
mass spectrometer, they have a  l i m i t e d  l i cense  t o  go t o  Sten- 
f o r d  and use the l i n e a r  p a r t i c l e  acce le ra to r .  These th ings  
can be worked o u t .  That i s ,  the re  i s  permissiveness t o  pursue 
these a c t i v i t i e s .  
DR. SALZER: I n o t i c e  tha t  I have t o  defend the p o s i t i o n  
o f  managers. We noted t h a t  s c i e n t i s t s  are se l f -mot i va ted ,  and 
I accept t h a t  as an e x c e l l e n t  way o f  be ing  mot ivated.  
Out o f  t h i s  d iscuss ioncame t h i s :  That i f  amanagernas  
any r o l e  i t  might be t o  reduce the m o t i v a t i n g  power i n  h i s  
s c i e n t i s t  by p u t t i n g  obs tac les  i n  h i s  way. That i s  about a l l  
tha t  i s  l e f t  f o r  the manager t o  do. I  would l i k e  to look a t  
i t  a  l i t t l e  more ~ o s i t i v e l y  than t h a t  because I know t h a t  the 
manager can do much more, not  by changing the m o t i v a t i o n  forces 
i n  the i n d i v i d u a l  bu t  by us ing  them. One way o f  doing t h i s  i s  
t o  g ive  recogn i t i on .  That i s  the major t h i n g  t h a t  I  have heard, 
"Let  me do my work and g i v e  me recogn i t i on . "  
So those a re  the  two th ings  tha t  the manager can d e f i n i t e l y  
work w i t h .  He should j u s t  ask h imsel f ,  "What can I do t o  l e t  
them do t h a t  work more f u l l y ? "  "What can I do t o  g i v e  them 
recogn i t ion. 'I 
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1 would d e f i n i t e l y  l i k e  t o  get away from s a l a r y  as a  means 
o f  r e c o g n i t i o n .  I  found i t  t o  be extremely i n e f f e c t i v e  i n  semi- 
annual reviews i n  r e a l l y  assur ing  t oerson t h z t  he has the 
r o l e  t o  p l ~ y .  I ! found i t  t o  be much more e f f e c t i v e  f o r  instance, 
t o  l i s t e n  t o  them and i n d i c a t e  the t  the  manager recognizes some 
o f  t h e i r  achievements. And here i s  where I  t h i n k  managers have 
something t o  o f f e r .  Managers can guide them and i n d i c a t e  
where they can make more o f  t h e i r  r e s u l t s ,  and where e l s e  they 
can apply them. 
The s c i e n t i s t  d iscovers some basic  ptiencmenon. What i f  i t  
g p l i e s  i n  a  d i f f e r e n t  f i e l d  e n t i r e l y ,  a  f i e l d  t h a t  he might not 
b e  t h i n k i n g  about? I f  you can p o i n t  t h a t  ou t ,  you do a  se rv ice  
s c i e n t i s t s .  
as a  manager o f  / There i s  a  d i f f e r e n c e  between a  
manager who can do t h i s  and a manager who cannot.  I  say t o  you 
t h a t  s c i e n t i s t s  ~ i 1 1  se lec t  the p lace  they wsrk on t h i s  bas is ,  
a l l  the other  th ings  being equal 
DR. OSTERYOUNG: One t h i n g  tha t  has happened, f o r  instance, 
i n  terms o f  us ing  sa la ry  as a  m o t i v a t i n g  force,  i s  t h a t  i t  i s  
not a  m o t i v a t i n g  force.  I t  i s  a  rewarding force,  bu t  i t  has 
less impact than i t  used t o  f o r  the very simple reason t h a t  you 
d o n ' t  have very much t o  p lay  around w i t h .  
The d i f f e r e n c e  between the s t a r t i n g  s a l a r y  and somebody 
who has been work ing ten  years o r  f i f t e e n  years i s  n e g l i g i b l e .  
Now, w i t h  c e r t a i n  o rgan iza t ions  you do have c e r t a i n  problems 
where the people look upon t h e i r  r e l a t i v e  s a l a r i e s ,  p a r t i c u l a r l y  
where they know what o t h e r  people a re  making, as an i tem which 
t e l l s  them what t h e i r  management t h i n k s  o f  them. I t h i n k  i n  
t h a t  sense sa la ry  makes people happy a l though i t  can o n l y  get i n  
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t h e i r  way. You can make them unhappy i f  they know, f o r  example, 
t h a t  somebody who i s  u n i v e r s a l l y  regarded as doing no th ing  gets 
a  h igher  sa la ry  than somebody who does something. That i s  the 
o n l y  way t h a t  s a l a r y  i s  good. I t  does no t  mot i va te  people, 
because i f  i t  r e a l l y  cou ld  than you c o ~ ~ l d  take a  p e r f e c t l y  
good fundamental s c i e n t i s t  who has something t h a t  you want and 
you t e l l  him, "Okay. I f  you do t h i s ,  I w i l l  double your sa lary . "  
As he weighs the pros and cons betdeen what he wants t o  do, 
what mot ivates him? Do pure d o l l a r s  mot i va te  him? 
DR. S I LVERMAN: There have been some good peoo l e  who have 
k e n  h i r e d  away from the  u n i v e r s i t i e s  a t  very h i g h  s a l o r i e s .  
DR. OSTERYOUNG: Sure. 
DR. SILVERMAN: So i t  i s  a  quest ion o f  degree, again. 
CR.  OSTERYOUNG: We have t a l k e d  about, say, the s c i e n t i s t  
who i s  a c t u a l l y  working science. There has been a  tendency t o  
g ive  people, 1 t h i n k ,  increases i n  s a l a r y  almost wi thout  re-  
gard r e a l l y  t o  what they a re  doing. 
DR. OJOONNELL: Yes, I t h i n k  the a d m i n i s t r a t i o n  o f  s a l a r y  
has been very poor, bu t  I skvuld t h i n k  t h a t  management c e r t a i n l y  
cou ld  do something t o  a f f e c t  the psychologica l  a t t i t u d e  towards 
producing r e s u l t s .  I  should t h i n k  the re  i s  something t h a t  mana- 
gers can do t o  smooth away o r  keep the  s c i e n t i s t  from worry ing 
about t h i n g s  such as sa la ry  d i f f e r e n t i a l s .  I t  i s  a  p o s i t i v e  
t h i n g  t o  p rov ide  comnunicat ion channels. Some o f  the  o ther  
exemp les a re  leave t o  t rave I, and use o f  resesrch f a c i  l i t  ies  
elsewhere. I would t h i n k  t h a t  t h i s  would have a  psycho log ica l  
impact on the zea l  w i t h  which you approach your prcblems. 
1 
DR. GREEN: I  t h i n k  t h a t  the s c i e n t i s t s  should be aware 
a l s o  t h a t  they ca.1 become spoi led.  Com?are tt-2 
working c o n d i t i o n s  o f  t h e  G a l i l e o s  and the Newtons 
w i t h  what the s c i e n t i s t s  i n  indus t ry ,  the u n i v e r s i t y ,  and 
governnient have today. 
MR. WELTY: I  would l i k e  t o  p o i n t  ou t  tha t  genera l l y  the 
s c i e n t i s t  i s  se l f -mot i va ted .  I t  i s  genera l l y  due t o  h i s  
p recond i t i on ing .  His crc:?tivity q u i t e  o f t e n  i s  h i g h l y  c o r r e l a -  
t e d  w i t h  h i s  l e v e l  o f  f r u s t r a t i o n ,  and i f  management t r e a t s  him 
poor l y - -you  might increase h i s  c r e a t i v i t y ;  however, you de- 
crease h i s  cooperat ion.  So i t  i s  a  mat ter  o f  o p t i m i z a t i o n .  I f  
you t r e a t  him too  we l l ,  make l i f e  too  good f o r  him,he gets 
s p o i l e d  and h i s  c r e a t i v i t y  goes down. This  probably  i s n ' t  
t r u e  o f  the i v o r y  tower type because he i s  p l a y i n g  t o  the f i e l d  
ou ts ide ,  and b a s i c a l l y  a  large p a r t  o f  h i s  m o t i v a t i o n  has t o  do 
w i t h  r e c o g n i t i o n  from the  ou ts ide .  
I n  our i n d u s t r y  we c e r t a i n l y  n o t i c e  t h a t  a c t u a l l y  as t h i n g s  
get too  good f o r  the s c i e n t i s t s  they tend t o  lose t h e i r  c r e a t i v i t y ,  
and yet  i f  th ings  get too  bad f o r  them we d e f i n i t e l y  lose t h e i r  
cooperat ion.  So i t  i s  a  mat ter  o f  t r y i n g  t o  keep t h i s  t h i n g  
a t  the optimum p o i n t .  
DR. SILVERMAN: I r e a l l y  f e e l  t h a t  the research s c i e n t i s t  
i s  not  mot ivated by p h y s i c a l  t h i n g s  and p h y s i c a l  requirements 
n e a r l y  as much as some o ther  i n d i v i d u a l s  i n  our soc ie ty .  I 
t h i n k  the  research s c i e n t i s t  i s  mot i va ted  by a  d e s i r e  t o  l e a r n  
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new t h i n g s  and a l s o  by a  c e r t a i n  amount o f  egot ism i n  which he 
would l i k e  t o  get applause and r e c o g n i t i o n  from h i s  col leagues. 
! One way t h a t  an i n d u s t r i a l  o r g a n i z a t i o n  can he lp  the  s c i e n t i s t  
i n  the o r g a n i z a t i o n  i s  t o  p rov ide  him w i t h  the o p p o r t u n i t y  t o  do 
bo th  . 
The i n d u s t r i a l  o r g a n i z a t i o n  can p rov ide  him w i t h  the oppor- 
t u n i t y  t o  work on a  problem o f  h i s  own cho ice  and p rov ide  him 
w i t h  the o p p o r t u n i t y  t o  present  h i s  f i nd ings  t o  the  world. I 
t h i n k  nobody would deny t h a t  i f  you were pu t  i n  a  room w i t h  no 
o p p o r t u n i t y  t o  t e l l  anybody about whet you were doing t h a t  your 
m o t i v a t i o n  might  dwindle r a p i d l y .  I t  depends upon the  person. 
DR. O'DONNELL: I would see these as elements i n  the  motiva- 
t i o n  system t h a t  managers can prov ide.  I t  i s  suppor t ive o f  the  
bas ic  des i re,  i t  seems t o  me, t o  d iscover  new knowledge, and these 
suppor t i ve  th ings  I would c e r t a i n l y  t h i n k  t h a t  management ought 
b 
t o  prov ide.  
. . . . . . . . . . . . . . . . . . . . .  
DR. ALBERT WILSON: I n  a  c e r t a i n  sense, the  s c i e n t i s t  w i l l  
never g ive  h i s  f i r s t  l o y a l t y  t o  any f i r m .  H is  f i r s t  l o y a l t y  i s  
t o  science, and he w i l l  f i n d  the  p lace  t h a t  best f i t s  h i s  mode o f  
opera t ion  f o r  doing science. I n  f a c t ,  t o  a  c e r t a i n  ex ten t - -1  don ' t  
mean t o  impugn the l o y a l t i e s  o r  p a t r i o t i s m  o f  s c i e n t i s t s - - p r i m e  
l o y a l t y  t o  science even crosses n a t i o n a l  boundaries. You go t o  
i n t e r n a t i o n a l  science congresses and you observe tha t  n a t i o n a l  
d i f f e r e n c e s  s o r t  o f  disappear. I t  i s  the l o y a l t y  t o  science t h a t  
emerges h igher  than eny o ther .  
DR. SCHNEIDERMAN: We tend t o  t h i n k  i n  terms o f  a n t i t h e s i s .  
$ The l o y a l t y  i s  not  t o  the company; therefore,  you f o l l o w  the  
conc lus ion  t h a t  they a r e  d i s l o y a l ,  and you d o n ' t  mean tha t ,  n o t  
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a t  a l l .  The word l o y a l t y  i s  an un fo r tuna te  one. 
KR. WELTY: I t h i n k  you can a f f o r d  t o  use t h e  psycho log ica l  
word " i d e n t i f i e d "  ins tead  o f  " l o y a l t y . "  That i s  a  good word. 
S c i e n t i s t s  don ' t  i d e n t i f y  w i t h  the company. They i d e n t i f y  w i t h  
the  s c i e n t i f i c  community. 
DR. OSTERYOUNG: Where does the s c i e n t i s t  get most o f  h i s  
r e c o g n i t i o n ?  I t  i s  e x t e r n a l  as opposed t o  i n t e r n a l ,  and the  
manager, fo r  instance, gets  mast o f  h i s  r e c o g n i t i o n  i n t e r n a l l y .  
I don ' t  see how you can charge t h i s  s i t u a t i o n  t o  a  lack o f  
leadership on the  p a r t  o f  the manager. The s c i e n t i s t  i s  r e a l l y  a  
f i e r c e l y  independent human being, and, the re fo re ,  h i  s  i dent i f ica-  
t i o n  i s  through h i s  company, on the  ins ide .  I t  i s  not  the f u n c t i o n  
o f  management t o  see how many areas o f  agreement can be vade. 
DR. SILVERWN: I  would l i k e  t o  make another p o i n t .  Loya l t y  
i s  a  r e c i p r o c a l  s o r t  o f  th ing ,  and I wonder how many p e ~ p l e  here 
r e a l l y  Feel t h a t  the  company i s  l o y a l  t o  t h e i r  s c i e n t i s t s .  When- 
ever a  company runs i n t o  t r o u b l e  t h e  f i r s t  t h i n g  l e  does i s  c u t  
bas ic  research. Where does the s c i e n t i r t  look f o r  s e c u r i t y ?  He 
looks f o r  s e c u r i t y  from h i s  e x t e r n a l  corrmunity, from h i s  approval 
and r e p u t a t i o n  w i t h  o t h e r  s c i e n t i s t s  who can then he lp  him 
r e l o c a t e .  
DR. ALBERT WILSON: This  has been used a l s o  as an argument 
against  b r i n g i n g  i n  e x t e r n a l l y  Funded p r o j e c t s .  I f  the funding 
comes from t h e  outs ide,  l o y a l t y  i s  t o  t h e  funder r a t h e r  than t o  
company. You c a n ' t  get p r imary  i d e n t i f i c a t i o n  w i t h  the  company 
i f  you a r e  supported from the  ou ts ide .  
MANAGING THE DIRECTION FUNCTION 
The d i r e c t i o n  f u n c t i o n  i s  concerned w i t h  those managerial  
a c t i v i t i e s  which a re  undertaken f o r  the purpose o f  channel ing the 
work o f  subordinates towards t h e  accon~p l i shm~nt  o f  pre-determined 
goals. I n  c a r r y i n g  ou t  t h i s  f u n c t i o n  the manager i s  dea l ing  w i t h  
people. He wants them t o  work a t  t h e i r  top  l e v e l  o f  c a p a b i l i t y  
and o f  c a p a c i t y .  Th is  they cannot be made t o  do: they must be 
g iven the o p p o r t u n i t y  i f  they a r e  d r i v e n  by an i n t e r n a l  zeal  o r  
they must be persuaded t h a t  t h e i r  cwn best i n t e r e s t  i s  served by 
t h i s  manner o f  behavior .  There in i s  the source o f  most managerial  
f r u s t r a t i o n .  
A pervas ive and c o n t i n u i n g  problem has many facets  about 
which l i t t l e  i s  known. The d i r e c t i o n  o f  people f a l l s  i n  t h i s  
8 category.  People a r e  h i g h l y  d ispara te  i n  t h e i r  motives, a t t i t u d e s ,  
knowledge, a l d  purposes, and a l l  o f  these a t t r i b u t e s  a re  mod i f ied  
by ka le idoscop ic  change i n  b o t h  t ime  and d i r e c t i o n .  This  circum- 
stance, i n  con junc t ion  w i t h  very l i t t l e  s c i e n t i f i c  knowledge about 
human nature,  c rea tes  a s i t u a t i o n  i n  which i t  i s  extremely 
dangerous t o  genera l l ze  about ways t o  achieve the maximum app l i ca -  
t i o n  o f  personal  c a p a b i l i t y  i n  secur ing pre-determined goals .  
And yet ,  organized e n t e r p r i s e  s imply  cannot be e f f e c t i v e  w i thou t  
r e s o r t  t o  ru les ,  procedures, programs and p lans.  Consequently a  
compromise which, hope fu l l y ,  w i l l  op t im ize  the net  r e s u l t  i s  
se lected.  Such compromises r e a l l y  s a t i s f y  no one and most o f  
them a r e  probably  suboptimum due t o  the  vagar ies o f  human nature.  
Nevertheless, managers must manage and p a r t  o f  t h i s  f u n c t i o n  i s  
3 t o  see t o  i t  t h a t  t h e  men they mansge c o n t r i b u t e  t o  o r g a n i z a t i o n  
goals i n  accordance w i t h  t h e i r  c a p a b i l i t y .  To do t h i s  they a r e  
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n e c e s s a r i l y  concerned about communication, m o t i v a t i o n  and leader- 
s h i p .  
The e f f e c t i v e  exerc ise  o f  these f a c t o r s  w i t h i n  a labora to ry  
i s  s t r o n g l y  in f luenced  by the  f a c t  t h a t  s c i e n t i s t s  are invo lved  
r a t h e r  than engineers, accountants, and p roduc t ion  s p e c i a l i s t s .  
S c i e n t i s t s  are people and w i l l  respond t o  d i r e c t i o n  i n  some 
respects  l i k e  o ther  i n d i v i d u a l s ,  b u t  over and above t h i s  they 
r e f l e c t  t h e i r  t r a i n i n g  i n  ways tha t  make them q u i t e  d i s t i n c t i v e .  
L i k e  t h e i r  coun te rpar ts  i n  u n i v e r s i t i e s  they tend t o  be s t r o n g l y  
individualistic. Those i n  i n d u s t r i a l  i v o r y  tower environments 
tend t o  possess an i n t e r n a l  zeal f o r  d iscovery and c r e a t i v i t y ;  
they tend t o  i d e n t i f y  wieh the community o f  s c i e n t i s t s  r a t h e r  
than w i t h  t h e i r  employer; and they are i n t e n s e l y  concerned w i t h  
the i n t e g r i t y  o f  t h e i r  science. Rest ing upon these bas ic  charac- 
t e r i s t i c s ,  s c i e n t i s t s  tend t o  develop c e r t a i n  a t t i t u d e s  t h a t  are 
o f  major importance f o r  those who would d i r e c t  them. They want 
t o  se lec t  t h e i  r own p r o j e c t s :  t o  them. "management" simply means 
a r e s t r a i n t  upon t h i s  freedom and t o  avo id  t h i s  r e s t r i c t i o n  they 
search f o r  the i ndust r i  a l ,  u n i v e r s i  t y ,  o r  government envi ronrnent 
which permi ts  t h i s  l i b e r t y .  They are v i t a l l y  i n t e r e s t e d  i n  t h e i r  
environment o n l y  t o  the extent  t h a t  i t  and any m o d i f i c a t i o n  o f  i t  
a f f e c t s  t h e i r  work; they w i l l  cooperate w i t h  o ther  s c i e n t i s t s  i f  
t h i s  Fur thers t h e i r  own research; and they want t o  p r o v i d e  f o r  
t h e i r  own s o c i a l  needs. They f e e l  i l l - u n d e r s t o o d  by the i n d u s t r i a l  
f i r m  because i n t e r n a l  r e c o g n i t i o n  i s  lack ing,  i n  times o f  business 
c o n t r a c t i o n  the labora to ry  budget seems f i r s t  t o  be reduced, and 
t h e i r  Spartan conscience rebe ls  i n  p l u s h  environments t h a t  some- 
how seem t o  be a t r a d e - o f f  f o r  good science. The p rosecu t ion  o f  
t h e i r  p r o j e c t s  tends t o  g i v e  them tunnel  v i s i o n  w i t h  respect  t o  
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the  a p p l i c a t i o n s  f o r  new-found knowledge and f o r  b i t s  and p ieces 
o f  new knowledge. And f i n a l l y ,  the re  i s  an almost u n i v e r s a l  
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demand f o r  manageis who a re  p a r t - t i m e  s c i e n t i s t s  because these 
men can understand them--not because they know how t o  manage them. 
These a t t i t u d e s  and c o n v i c t i o n s  best descr ibe the mature, 
ou ts tand ing  s c i e n t i s t .  But every labora to ry  w i l l  have many who 
do no t  yet  q u a l i f y  as accomplished researchers; perhaps they 
nea/er w i l l  becsuse genius does no t  t r a v e l  the road o f  experience. 
Therefore, every labora to ry  manager w i l l  be faced w i t h  d i r e c t i n g  
a group o f  men w i t h  w ide ly  v a r y i n g  a b i l i t i e s  and experiences. 
D i r e c t i o n  must ever be an a r t ;  and the manager an a r t i s t .  H is  
r e s p o n s i b i l i t y  i s  t o  see tha t  e n t e r p r i s e  goals are achieved 
e f f e c t i v e l y  and e f f i c i e n t l y  by people whose a b l l i t i e s  must some- 
how be harnessed and g iven appropr ia te  d i r e c t i o n .  The purposes 
1 o f  the labora to ry  and o f  i t s  s c i e n t i s t s  must be brought i n t o  
harmony so t h a t  t h e i r  r e a l i z a t i o n  w i l l  redound t o  the  b e n e f i t  o f  
both.  Though there  a re  no p r i n c i p l e s  which w i l l  guide a manager 
t o  t h i s  achievement the re  i s  always cornnon sense t o  be a p p l i e d  
i n t e l l i g e n t  i y .  
Comnunication 
There has been a great  deal  o f  e m p i r i c a l  research concern ing 
the techniques f o r  the  t ransmiss ion o f  i n fo rmat ion  and the condi -  
t i o n s  f o r  i t s  recept ion.  Genera l i za t ions  have been made on the  
bas is  o f  t h i s  knowledge and there  remains no excuse f o r  a  manager 
t o  be ignorant  o f  them. But t h i s  s t a t e  o f  a f f a i r s  does no t  achieve 
good communication: i t  does no t  deal a t  a l l  w i t h  the absence o f  ' 
a  w i l l  t o  communicate. Communications w i t h i n  en te rp r i ses  remains 
i gross ly  inadequate p r i m a r i l y  because people a r e  care less,  o r  lazy, 
o r  a r e  determined f o r  a  m u l t i t u d e  o f  reasons no t  t o  communicate. 
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I t  i s  p a r t i c u l a r l y  important f o r  l abora to ry  managers t o  
c u l t i v a t e  t h e i r  w i l l  t o  communicate. The i r  subordinates a r e  
h i g h l y  educated people; t h e i r  work can be a f f e c t e d  by knowing o r  
not  knowing in fo rmat ion  which may i n f l u e n c e  them; they a r e  human 
and t h e r e f o r e  w i l l  waste much t ime i n  i d l e  specu la t ion  when 
a u t h o r i t a t i v e  i n f o r m a t i o n  i s  not  forthcoming; and they tend t o  
den ig ra te  the  i n f l u e n c e  o f  those who should b u t  do not  communicate. 
J u d i c i a l  choice o f  the form o f  communication charac te r i zes  
the  good manager. Elements o f  major importance about the work o f  
a  subordinate, such as goals, budgets, and spec ia l  d i  r e c t  ions,  
should be w r i t t e n  b o t h  because there  w i l l  be frequent need f o r  
re ference and because there  i s  less o p p o r t u n i t y  f o r  d isputes t o  
a r i s e .  I t  i s  not uncommon f o r  managers t o  be r a t h e r  vague i n  
g i v i n g  i n s t r u c t i o n s  o r  t o  change them through t ime.  
S t a f f  meetings w i t h  subordinates a re  the appropr ia te  occasions 
f o r  t h e  communication o f  i n fo rmat ion  which does not  r e l a t e  s o l e l y  
t o  the  i n d i v i d u a l  and h i s  work. This  i s  the p lace  f o r  pass ing 
on in fo rmat ion  o f  a  general na tu re  such as changes i n  the env i ron-  
ment f o r  subordinates, new corporate goals as they a f f e c t  the 
laboratory ,  space and p lace  changes, s h i f t s  i n  the scope o f  
f r i n g e  b e n e f i t s ,  budget p repara t ion  and m o d i f i c a t i o n s ,  and general 
news about the  f i r m  and i t s  p a r t s .  The manager should make a 
p o i n t  o f  be ing  the a u t h o r i t a t i v e  source f o r  in fo rmat ion  o f  t h i s  
k i n d  because t h i s  i s  an important technique f o r  ma in ta in ing  h i s  
p o s i t i o n .  He should be the f i r s t  t o  convey t h i s  in fo rmat ion  
i n s o f a r  as he knows i t  and i t  should be t r a n s m i t t e d  t o  a l l  sub- 
o rd ina tes  s imul taneously  t o  avo id  the  appearance o f  f a v o r i t i s m .  
For s i m i l a r  reasons i t  i s  e q u a l l y  impor tant  t o  coment  on h i s  own 
lack o f  i n fo rmat ion  i f  t h i s  i s  the  case. 
197d 
M o t i v a t i o n  
I t  w i l l  be r e c a l l e d  t h a t  the  f u n c t i o n  o f  the m o t i v a t i o n  
process i s  t o  encourage subordinates t o  apply  t h e i r  f u l l  capa- 
b i l i t i e s  t o  the  achievernent o f  o r g a n i z a t i o n a l  goals. The motiva- 
t i o n  o f  s c i e n t i s t s  w i l l  remain a  spec ia l  case i n  the  i d e a l  
s i t u a t i o n  because they a r e  charged w i t h  aq i n t e r n a l  zeal  t o  do 
good science. They a r e  employed i n  the f i r s t  instance because 
there  i s  coalescence i n  the i n t e r e s t  o f  the f i r m  t o  have research 
undertaken i n  a  p a r t i c u l a r  area and i n  the i n t e r e s t  o f  the  
s c i e n t i s t  i n  working i n  t h i s  area. I n  the r a t h e r  r a r e  case where 
the f i r m  i s  not  p a r t i c u l a r l y  i n t e r e s t e d  i n  i d e n t i f y i n g  areas f o r  
research the s c i e n t i s t  i s  a l s o  f r e e  t o  engage i n  p r o j e c t s  o f  h i s  
own choosing. 
I n  s i t u a t i o n s  o f  these types i t  i s  l i t e r a l l y  t r u e  tha t  the 
B f i r m  can do no th ing  t o  mot i va te  the s c i e n t i s t - - h e  i s  se l f -mot i va ted .  
However, the re  i s  much t h a t  the f i r m  and i t s  managers can do 
which, i f  not  done, w i l l  becane negat ive mot i va to rs .  The manager 
can see t o  i t  t h a t  the environment f o r  research i s  f u l l y  f a c i l i t a -  
t i v e .  Such mat te rs  as p r o v i d i n g  needed ~qu ipment ,  making c e r t a i n  
t h a t  sa la ry  and f r i n g e  b e n e f i t s  a re  such as t o  take  the worry ou t  
o f  the evployment s i t u a t i o n ,  acceding t o  the  s c i e n t i s t ' s  des i res 
f o r  p a r t i c i p a t i n g  i n  the a c t i v i t i e s  o f  the comnunity o f  s c i e n t i s t s ,  
and encouraging p u b l i c a t i o n  c l e a r l y  should be c u l t i v a t e d  as f a r  
as t h e  budget w i l l  pe rmi t .  
But i n  any labora to ry  the re  a re  s c i e n t i s t s  and s c i e n t i s t s .  
There a r e  those w i t h  lesser  a b i l i t i e s  and there  a re  the  neophytes 
who a r e  b a r e l y  beyond t h e  l e v e l  o f  techn ic ians .  They a re  employed 
.s because they can do u s e f u l  work. Those w i t h  p o t e n t i a l  may be 
i n s p i r e d  by work ing w i t h  senior ,  e s t a b l i s h e d  s c i e n t i s t s .  Others 
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need the d i s c i p l i n e  o f  t h e  a c t i v e ,  e x c i t i n g  work p lace;  they need 
c l o s e  superv is ion;  they need the  i n c e n t i v e  o f  near- term deadl ines.  
I n  o ther  word;, f o r  these types the se lec ted  m o t i v a t i o n  system i s  
not  u n l i k e  t h a t  f o r  o ther  employees o f  the  f i rm.  
Leadershi D 
The leadership aspect o f  the mznager's f u n c t i o n  o f  d i r e c t i o n  
i s  concerned w i t h  the morale o f  subord ina tes - - the i r  zeal  and 
conf idence.  The manager w i l l  u t i l i z e  communication and the 
m o t i v a t o r s  as t o o l s  f o r  h i s  f u n c t i o n  o f  leadership, bu t  over and 
above t h i s  he must be a b l e  t o  comfort,  encourage ana i n s p i r e  h i s  
s i~bord i r ,a tcs.  There are no r u l e s  o r  p r i n c i p l e s  t o  guide him. 
Leadership a b i l i t y  must be c u l t i v a t e d  w i t h  i n t e l l i g e n c e  and t h e  
lessons o f  f a i l u r e s  and successes r u s t  be r a t i o n a l i z e d .  I t  r e a l l y  
becomes a  mat ter  o f  i n te r -persona l  chemis t ry .  Leadership i s  
impossible where personal  r e l a t i o n s  a r e  abrasive: i e  y i e l d s  
ex t raord inary  r e s u l t s  where these r e l a t i o n s h i p s  a re  c o n f l u e n t .  
The leader i s  concerned w i t h  the i n s p i r a t i o n  o f  h i s  subord i -  
nates o r  fo l lowers.  He t r i e s  t o  achieve t h i s  i n  many ways. There 
a r c  s c i e n t i s t s  who get discouraged when every th ing  they do r e s u l t s  
i n  f a i l u r e :  they need comfort and eqcouragement. There a re  
s c i e n t i s t s  whose morale can be e leva ted  by c o l l a b o r a t i o n  w i t h  
those whom they admire, respect and even worship. There are 
s c i e n t i s t s  who can be ref reshed by a  v i v i d  r e p a i n t i n g  o f  the 
f r u i t s  o f  success. And there  a re  s c i e n t i s t s  who respond w i t h  
v i g o r  t o  the  fea r  o f  d i sappo in t ing  those they admire. The manager 
who would lead should be a  keen student o f  i n s p i r a t i o n a l  forces 
and make c e r t a i n  t h a t  he a p p l i e s  t o  each h i s  own. 


The c o n c l u s i o n  reached i n  t h i s  s t u d y  i s  t h a t  t h e r e  shou ld  be a  
I p o l i c y  o f  encou rag ing  b u t  n o t  r e q u i r i n g  p a r t i c i p a t i o n .  W h i l e  
scme s c i e n t i s t s  m;y be i n t e r e s t e d  i n  p l a y i n g  a  r o l e  i n  a l l  o f  
t h e  pleni . r icg,  a l l  o f  them shou ld  have t h e  o p p o r t u n i t y  o f  de- 
c l i n i n g .  The management p r i n c i p l e  upon wh ich  t h i s  p o l i c y  r e s t s  
i s  t h a t  t h e  more p a r t i c i p a t i o n  i n  p l a n n i n g  on t h e  p a r t  o f  sub- 
o r d i n a t e s  t h e  g r e a t e r  t h e i r  unde rs tand ing  and z e a l  i n  accompl i -  
s h i n g  p l a n s .  A f e e l i n g  f o r  t h e  goa l s  o f  t h e  l a b o r a t o r y  i s .  
perhaps, b e s t  ach ieved  i n  t h i s  manner and t h i s  can  o n l y  r e s u l t  
i n  an improved sense o f  s e c u r i t y  f o r  t h e  i n d i v i d u a l  s c i e n t i s t .  
He needs t h e  assurance t h a t  t h e  o rgan i za t i c rna l  goa l s  and t i l e  
p o l i c i e s  wh ich  gu ide  a c t i v i t y  towards them a r e  c o n s i s t e n t  w i t h  
h i s  own resea rch  o b j e c t i v e s .  
CONTROLL l NG 
The c o n t r o l  f u n c t i o n  i s  c a r r i e d  o u t  as p l a n s  f a r  t h e  ach ieve-  
ment o f  o b j e c t i v e s  a r e  b e i n g  implemented. I t  i s  a  r r o n i t o r i n g  
f u n c t i o n  and shou ld  b e  accompl ished i n  such a way t h a t  t h e  
needed c o r r e c t i o n s  i n  t h e  e x e c u t i o n  c ~ f  p l a n s  can bc made i n  t i m e  
t o  ech ieve  t h e  o r o j e c t e d  goa l  by  t h e  e s t a b l i s h e d  dead l i : , ~ .  A 
c o n t r o l  s y s t e n  t h a t  does n o t  do t h i s  p r o v i d e s  no c o n t r o !  a t  
a l  I: i t  becomes a  s o s t  mortefii o p e r a t i o n ,  u s e f u l  o n l y  t o  t h e  
excen t  t h a t  t h e  lessons l e z r n e d  may be a p p l i e d  t o  f u t u r e  p l a n -  
n i  ng and c o n t r o l .  
The c o n t r o l  f u n c t i o n  o f  l a b o r a t o r y  managers seems t o  be 
v e r y  w e l l  executed.  They use such techn iques  as i n f o r m a l  rev iews,  
p r o g r e s s  r e p o r t s  and b r i e f i n g s ,  and group rev iews  i n  c o n n e c t i o n  
w i t h  t h e  p l a n s  o f  s c i e n t i s t s .  The degree o f  f o r m a l i t y  i s  
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l a r g e l y  determined by  t h e  k i n d  o f  a  l a b o r a t o r y ,  i t s  s i ze ,  and 
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t h e  e x t e n t  t o  wh ich  b a s i c  resea rch  i s  prosecuted,  b u t  i n  any 
case t h e  c o n t r o l  p rocess i n v o l v e s  v e r y  c l o s e  r e l a t i o n s h i p s  
between s c i e n t i s t s  and mznagors. 
On t h e  o t h e r  hand, t h e r e  a r e  o f t e n  s e v e r a l  t ypes  o f  p l a n s  
t h a t  t h e  manager h i rnse l f  c o n t r o l s  w i t h  l i t t l e  i n p u t  f r o r  sc ien -  
t i s t s .  These would  i n c l u d e  l a b o r a t o r y  l o c a t i o n  and equipment 
p l a n s ,  c a p i t a l  p l a n s ,  budge ta ry  p l a n s ,  s t a f f i n g  and $ . ~ b l  i c  r e l a -  
t i o n s  p l a n s .  Shou ld  any o f  t hese  gee o u t  o f  l i n e  t o  t h e  e x t e n t  
o f  j e o p a r d i z i n g  t h e  r e a l i z a t i o n  o f  o b j e c t i v e s  t h e  r e s p o n s i b l e  
manager w i  I I make ad jus tn l cn t s  p e r s o n a l l y  i f  he has thc. power, 
i f  no r ,  !re w i l l  n e g o t i a t e  w i t h  o t h e r s  who may be i nvo l ved ,  such 
as t h e  vendor,  the  t r e a s u r e r ,  t h e  men who a r e  concerned w i t h  
l ong  range p lann ing ,  and he may c o n f e r  w i t h  o u t s i d e  agenc ies  
such as u n i v e r s i t y  and p u b l i c  r e l a t i o n s  pesp le ,  and wit11 h i s  
own s c i e n t i s t s .  
There a r e  some c i r cums tances  ir: . rh ich  t h e  s c i e n t i s t  beconcs 
v i t a l l y  i n t e r e s t e d  i n  t h e  c o n t r o l  p rocess .  S t a f f i n g  p l a n s  wh ich  
p l o t  o u t  t h e  s teps  by wh ich new c s p s b i l i t i e s  w i l l  be i n t r o -  
duced i n t o  t h e  l a b o r a t o r y ,  o r  o l d  c a p a b i l i t i e s  dropped o u t ,  a r e  
o f  v i t a l  concern .  The i n f l u e n c e  o f  t h e  s u p e r v i s o r  t o  c l a r i f y  
p a l s ,  techn iques,  and p r o c e d u r a l  a l t c r n a t i v e s  a v a i l a b l e  t o  t h e  
s c i e n t i s t  i s  a c o n t r o l  t echn ique  t h a t  must be used w i t h  s k i l l .  
The young and t h e  i nexpe r i enced  may need s t r i c t  c o n t r o l  ove r  
t h e i r  a c t i v i t i e s  i n  these respec ts :  b u t  n o t  always, f o r  even 
among theso may be a  gen ius  whose i m a g i n a t i v e  app:oaches may 
be much s u p e r i o r  t o  t hose  advocated by  t h e  s u p e r v i s o r .  And 
f i n a l l y ,  t h e  s c i e n t i s t  i s ,  o f  course,  v i t a l l y  i n t e r e s t e d  i n  t h e  
c o n t r o l  t h a t  c l o s e s  o u t  h i s  sou rce  o f  funds.  I n  genera l ,  t h e  
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the purposes, func t ions  and cos ts  o f  support groups,bu: i t  i s  
a c e r t a i n l y  h i s  business t o  assume t h a t  the labora to ry  receives 
the best o f  support e f f o r t  from o thers .  He can o n l y  do t h i s  
by understznding what se rv ices  a re  a v a i l a b l e  and by t a k i n g  the 
i n i t i a t i v e  i n  c a l l i n g  ou t  those sei-vices he requ i res .  
Formal and in fo rma l  committees a re  o r g a n i z a t i o n a l  devices 
t h a t  the labora to ry  d i r e c t o r  should use w i t h  the g rea tes t  c i r -  
cumspection. They have a  p o t e n t i e l  f o r  u n t o l d  e v i l  as w e l l  as 
f o r  s i g n i f i c a n t  b e n e f i t s .  Committees are usefu l  i f  i t  i s  impor- 
tant t o  c o l l e c t  i n  one p lace and t ime people who have unique 
in fo rmat ion  requ i red  f o r  the s o l u t i o n  o f  some problem. This 
exp la ins  why most l a b c r a t o r i e s  w i l l  have such formal c o r n i t t e e s  
as sa fe ty  and l i b r a r y ,  and very few i f  any o t h e r s .  The e v i l s  
o f  corruni t t e e s  are resped i n  s i t u a t i o n s  where they are formed f o r  
3 the purpose o f  doing what the manager i n  quest ion refuses t o  do 
h imse l f .  I n  o t h e r  words, where the manager wishes t o  avo id  ac- 
c o u n t a b i l i t y  he o f t e n  r e s o r t s  t o  the c m i t t e e  device f o r  dec is-  
ion-making. The cos ts  are enormous i n  l o s t  time, p r o c r a s t i -  
n a t i o n  i n  reaching a  dec is ion,  i n  the morale o f  the p a r t i c i p a n t s ,  
a ~ d  i n  the q u a l i t y  o f  the dec is ion .  
Z c i e n t i s t s  react  t o  c o r n i t t e e  se rv ice  i n  the same way tha t  
o ther  persons I-espond. I f  they a re  a f f e c t e d  by the dec is ion  
they w i l l i n g l y  serve; i f  they a re  not  a f f e c t e d  by the dec is ion  
they w i l l  p a r t i c i p a t e  o n l y  under duress. Knowing t h i s ,  the  
labora to ry  d i r e c t o r  w i l l  approach the problem o f  formal c o m i t -  
tee management w i t h  keen circumspection, keeping them t o  on 
absolute minimum f o r  f u l f i l l i n g  absolute needs. 
3 
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The i n f o r n ~ s l  co rn l i t tee  i s  less l i k e l y  t o  get the  d i r e c t o r  
i n t o  t r o u b l e , i f  f o r  no o ther  reason than t h a t  s c i e n t i s t s  wsn ' t  
bother  t o  a t t e n d  then unless they a re  persona l l y  a f f e c t e d .  In -  
s u l a t i o n  o f  t h i s  na tu re  o r d i n a r i l y  means t h a t  in fo rma l  meetings 
t o  evaluate e co l league 's  paper are w e l l  a t tended because t h i s  
i s  a  means o f  keeping up t e c h n o l o g i c a l l y ,  and knowing what i s  
go ing on i n  the labora to ry .  On the o ther  hand, in fo rma l  meet- 
ings t o  evaluate patent  d isc losures  are no tab ly  b o r i n g  ~ n d  
t h e r e f o r  i l l - a t t e n d e d .  
The p r o d u c t i v i t y  o f  the s c i e n t i s t s  w i t h ~ n  the laboratory  
can be a f f c c t e d  by the amount ~ f  t ime they a r c  c a l l e d  upon by 
o t h e r  d i v i s i o n s  f o r  c o n s u l t i n g  e f f o r t .  Normally a  s c i e n t i s t  
15 pleased t o  be c a l l e d  upon f o r  t h i s  se rv ice  because i t  i s  an 
i n t e r n a l  r e c o y n i t i o n  o f  h i s  knowledge and s t a t u s .  Ttic t rouSl t .  
i s  t h ~ t  he p o s i t i v e  values soon wear t h i n  i f  the  m o u n t  o f  
c o n s u l t i n g  t ime represents a  ser ious inroad on the s c i e n t i s t ' s  
major e f f o r t .  Thils, the problem t h a t  cont inues t o  face the 
labora to ry  d i r e c t o r  i s  the  d e s i r a b i l i t y  o f  encouraging consul tant  
a c t i v i t y  on the one hand and the p r o t e c t i o n  o f  h i s  s c i e n t i s t s  
from too many requests on the o ther .  
STAFF l t lG  
The s a t i s f a c t o r y  s o l u t i o n  o f  the  prcblems which s r i s e  i n  
t h e  recru i tment ,  development and eva lua t ion  o f  s c i e n t i s t s  and 
t h e i r  managers i s  most d i f f i c u l t  t o  achieve because there  r e a l l y  
are no ava : lah le  standards o f  general s p p l i c a t i o n .  There are 
c e r t a i n  a r b i t r a r y  r u l e s  regard ing age, educat ion and p ro fes -  
s  i o n a l  i n t e r e s t s  but  these have l i t t l e  t o  do w i t h  determin ing 
whether a  man w i l l  meet and exceed the  s u b j e c t i v e  standards o f  
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h i s  i m e d i a t e  superv isor .  Indeed, desp i te  t h e  c o s t l y  process o f  
recru i tn lent  o f  new graduates t h a t  i s  so t y p i c a l  o f  l abora to ry  
p r a c t i c e ,  the re  i s  l i t t l e  conf idence t h a t  thzse r e c r u i t s  w i l l  
a c t u a l l y  develop i n  accordance w i t h  t h e i r  est imated p o t e n t i a l .  
Th is  i s ,  o f  course, no argument against  the present r e c r u i t i n g  
p r a c t i c e ;  ra ther ,  i t  merely p o i n t s  up the f a c t  t h a t  e v a l u a t i n g  
the p o t e n t i a l  t h a t  the  candidate w i l l  a c t u a l l y  r e a l i z e  i s  a  
very r i s k y  t h i n g .  No one r e a l l y  knows what h i s  p o t e n t i a l  i s  
i n  the  f i r s t  p lace  nor can he a n t i c i p a t e  the complex i ty  o f  
f a c t o r s  t h a t  w i l l  l a t e r  determine the degree t o  which h i s  p o t -  
e n t i a l  i s  achieved. 
The r i s k s  i n  t h e  recru i tment  o f  experienced s c i c n t i s t s  are 
ve ry  much lower. They, as everyone e lse,  produce a  record  merely 
by keeping a1 i v e .  General l y  the re  i s  l i t t  l e  t r o u b l e  encountered 
i n  secur ing t h i s  record, i n  p rov ing  i t  out ,  and i n  eva lua t ing  
i t .  Th is  i s  a  cooperat ive process i n v o l v i n g  personnel adminis- 
t r a t i o n ,  the manager involved,  and the c o l  leagues w i t h  whom a  
candidate w i l l  work. Even so, t h i s  i s  not e n t i r e l y  an objec-  
t i v e  process. Thcie w i l l  always be many p e r s o n a l i t y  f a c t o r s  
i n d o l v i n g  the superv isor ,  the candidate and the s c i e n t i s t s  
a l ready  aboard t h a t  w i l l  i n e v i t a b l y  come i n t o  p lay,  and thcsi: 
can be as po ten t  as the  t e c h n i c a l  record i n  determin ing whether 
a  man wi 1 1  be employed. The process should not  be f a u l t e d  f o r  
t h i s  reason, however. There i s  r e s l l y  no b a r r i e r  f o r  anyone t o  
seek ou t  t h a t  environment which best s u i t s  h i s  p e r s o n a l i t y ,  and 
f o r t u n a t e l y  the  a l t e r n a t i v e s  a re  so broad i n  the  Un i ted  States 
t h a t  such a  s e l e c t i o n  i s  e a s i l y  w i t h i n  the bounds o f  p o s s i b i l i t y .  
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From the  p o i n t  o f  view o f  the s c i e n t i s t  the re  i s  no reason 
why he should no t  pursue tha t  p a r t  o f  hzppiness which can be 
a t t a i n o d  through doing good science i n  an envircnment o f  h i s  Own 
choosing. L i f e  i s  much too shor t  t o  conceive o f  the  mat te r  
o therwise.  From the v iswpo in t  o f  t i i s  manager i t  i s  p r o d u c t i -  
v i t y  t h a t  i s  important,  and i f  he can get the best r e s u l t s  by 
p r o v i d i n g  an environment f o r  the scientist t b t  the l a t t e r  wants 
he should do sa. For the manager i t  i s  not  a  mat ter  o f  meking 
a  s c i e n t i s t  happy; r a t h e r  i t  i s  dev is ing  t h a t  environment o f  
w5atever na tu re  t h a t  w i l l  encourage h i s  s u b o r d i n o t ~ i  t o  vmrk 
up t o  t h e i r  f u l l  p o t e n t i a l .  
The eva lua t ion  o r  appra isa l  o f  s c i e n t i s t s  may be viewed 
frcm two vantage p o i n t s .  The research r e s u l t s  a re  con t inuous ly  
examined through the in forn la l  r e l a t i o n s h i p s  o f  co l leagues and 
super,/i sors. I n  addi t ion, when the occasion i s sui tab le ,  r e -  
course i s  had t o  seminars and grouo conferences wherein r e s u l t s  
are assessed, approaches o f  an a1 ter r ie t  i v e  na tu re  are examined, 
and  the approaches and r e s u l t s  achieved by s c i e n t i s t s  e x t e r n a l  
t o  the  laboratory ,  but  r e l a t e d  t o  i t s  work, are reviewed. These 
techniques o f  work eva lua t ion  a re  success fu l l y  used bccousc h igh  
standards o f  good scienze are s t r i c t l y  adhered t o .  
On the o ther  hand, the p e r i o d i c  o v e r - e l l  eva lua t ion  o f  
s c i e n t i s t s  i s  a  comon p r s c t i c e  tha t  seems t o  be l a r g e l y  imposed 
by company procedures. I t  may be a  use fu l  a i d  f o r  r e c a l -  
l i n g  a  dozen o r  so elements by which i n d i v i d u a l  s c i e n t i s t  a re  
compared p r i m a r i l y  f o r  purposes o f  s a l a r y  a d m i n i s t r a t i o n  and 
promotion. But i t  i s  s t  l eas t  a  working hypothesis  t h a t  the  
r e s u l t s  o f  such a  comparison would be the  same w i t h  o r  w i thou t  
. . 
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can help by keeping the  o b j e c t i v e  c l e a r ,  by e x p l o r i n g  s l t e r n a t i v e  
procedures, by l i s t e n i n g  t o  t h e  despai r  o f  the f r u s t r a t e d ,  and 
by encourzging enthusiasm. 
I t  i s  ev ident  t h a t  s c i e n t i s t s  tend t o  shy .way from sny 
d iscuss ion  o f  d i r e c t i o n  b the  manager because they cor i jure 
the ogre o f  r e s t r i c t i o n  upon t h e i r  freedom. This i s  c l e a r l y  
a n  un fo r tuna te  misconception o f  the  t r u e  func t io f i  o f  d i r e c t i o n  
but  i t  i s  understandable t h a t  t h i s  view c o u l d  be developed through 
mere gossip and through experience w i t h  poor managers. The 
rranager has t o  teach the lesson tha t  the d i r t c t i o n  f u n c t i o n  i s  
one o f  p o s i t i v e l y  f a c i l i t a t i n g  reseerch. He i s  concerned w i t h  
g e t t i n g  the same r e s u l t s  as the s c i e n t i s t ,  a l though perhaps not  
f o r  the same reasons. Therefor,  every th ing  he does, w i t h i n  the 
c o n s t r a i n t s  l e v i e d  upon the  laboratory ,  w i l l  hav? the p o t e n t i a l  
e f f e c t  o f  e n r i c h i n g  the p r o d u c t i v i t y  o f  these g i f t e d  me,). 
DIALOGUE OF THE SEMINARIANS 
DR. O'DONNELL: Ths ques t ion  arose i n  our  i f i f o r p a l  t a l k s  
as t o  whether any genera l i za t ions  t h a t  we might make a re  
r e a l l y  a p p l i c a b l e  due t o  the f a c t  t h a t  many o f  the pcople eround 
these tab les  work f o r  government-supported i n s t i t u t i o n s .  I f  you 
worked f o r  a  f i r m  t h a t  d i d  not  l i v e  o f f  government con t rac ts ,  
w u l d  your v iewpoint  be d i f f e r e n t 7  
Eft?. BOYKIN: I t  i s  obvious t i l a t  most--.st least  a m a j o r i t y  
o f  the  people here - -a re  i n  an area tha t  i s  n o t  represen te t i ve  
o f  your d e f i n i t i o n  o f  the bas ic  research s c i e n t i s t .  I  would 
say we have c o l o r e d  the procedure by c o n s t i ~ t l y - - a l t h o u g h  we 
t r y  t o  be o b j e c t i v e - - p u t t i n g  i n  our  v iewpo in t .  There z r e  two 
th ings  t h a t  t h e  government environmznt does. I t  3,~ends w i thog t  
an  i m c d i a t e  regard f o r  what i t  gets. I t  might s u ~ s i d i ; ?  t o  
keep something going t h a t  no p r i v a t e  f  I ~ n i  cou ld  a f i o r d .  
Another t h i n g  i s  t h a t  i t  remi t~ds me o f  ;ohn Sa lze r ' s  des- 
c r i p t i o n  oF what goes on i n  Russla. No.1, w!lr.~her i t  e f f c c t s  the 
s c i e n t i s t  and I ~ b o r a t o r y  o r  not ,  I  don ' t  I.:.j:i. There i s  the 
need t o  go ou t  2nd s e l l  t o  get these governF>ent c o n t r a c t s ;  t o  
observe the  extreme r u l e s  o f  i n v e n t i n g  on a f i x e d  p r i c e  bas is ,  
and t o  respond t o  c o n f i g u r a t i o n  managzment. Evzrydey there  b re  
new requirements f o r  a  type o f  pbrson t h a t  represents h imse l f  
as wanting t o  be u n f e t t e r e d  and f r e e  t c  purrue h i s  research 
w i thou t  r e s t r a i n t .  There i s  r o t  a  more r e s t r a i n e d  p lace  i n  
the w o r l d  where someone i s  working undzi  a government c o n t r a c t .  
I f  MucDonald-Douglas has c rea ted  2.n environnent t h a t  h>s 
p r o t e c t e d  Dr. Wi lson 's  e n t e r p r i s e  from t h a t  in f luence,  I t h i n k  
2 19 

The government sponsorship o f  research i s  p a r t l y  the  d i f f i c u l t y  
5 here. I t  milst accept a d d i t i o n a l  r e s p o n s i b i l i t y  i n  o v e r a l l  
d i r e c t i n g  research f o r  balance o r  a l l o w  i n d u s t r y  t o  make 
independent eva lua t ions .  
I n  dec id ing  what i s  t o  be re?earched, i s  i t  the responsi- 
b i l i t y  o f  the  research manager, a  remote funder, o r  the sc ien-  
t i s t ?  A l l  o f  these people together  deter.mmihe the problems we 
, - i: ,l;b = 'l PX ' 
work on, bu t  i n  p race ice  we d?e endSFng up w i t h  an envi rorunent 
v .z .- 
tha t  i s  becoming absurd ly  unbalanced. This  i s  something tha t  
., ;,, ' ; ? ?  
every research manager has t o  begin t o  t h i n k  about. 
DR. OSTERYOUMG: The f a c t  i s  t h a t  the Na t iona l  Science 
Foundation i s  probably  the  o n l y  source o f  pure roney, i f  you 
want to  look a t  i t  l i k e  t h a t .  
3R. SCHNEIDERHAN: I  don ' t  want l o  d i s i  l l u s ~ o n  you, but  
be fo re  the F r iday  a f t e r  Thanksgiving o f  l a s t  year I  would have 
s a i d  t h a t  you a re  so r i g h t .  But todsy the  Nat iona l  Science 
Foundation has t o  j u s t i f y  i t s  ex is tence.  
I  was r e a l l y  su rp r i sed  when D r .  Forbes s a i d  t h a t  we have 
t o  f i n d  some means o f  p rov ing  t o  t h e  Congress t h a t  the work o f  
the foundat ion i s  important and wor thwhi le .  The N.S.F. i s  
g e t t i n g  q u i t e  s e r i o u s l y  ta rn ished  because i t  i s  almozt up 
against  the  same s i t u s t i o n  t h a t  we a re  i n  p r i v a t e  companies. 
Every branch o f  government i s  be ing shoved through t h i s  
H i t c h  package business. I don ' t  t h i n k  the Rand Ccrpora t ion  
had t h i s  h o r r i b l c  monster i n  mind when they c rea ted  some o f  t h i s  
conceFt, you know, about the  th ree  seventy- f  i v e  se r ies ,  bu t  
i t  i s  c e r t a i n l y  invading almost every facet  o f  our government 
work. 
DR. SILVERMAN: I t ' s  more than j u s t  t h a t  coo. What i s  
happening w i t h  t h e  vast  amount o f  i n f l u e n c e  t h a t  the Feders l  
Government has on research i n  general,  i s  t h a t  ighen i t  faces an 
imnediate problem such as a war e f f o r t ,  the research funds 
become funneled i n t o  a very narrow range o f  a c t i v i t i e s .  This 
means t h a t  c e r t a i n  problems chat Dr. Wilson r e f e r r e d  t o  are not 
r e c e i v i n g  proper a t t e n t i o n .  I  don ' t  know how you change t h i s .  
One o f  the problems, o f  course, i s  tha t  s ince a l l  the 
compenies are p r o f i t  o r i e n t e d  there  i s  a  tendency t o  r i d e  w i t h  
ehe c r e s t  o f  funding from the Federal Government. There a re  
very few o rgan iza t ions  t h a t  can a f f o r d  t o  antagonize the govern- 
ment by opposing i t s  general p o l i c i e s .  
DR. 0STERYOUi:G: I n  t h a t  context ,  I  t h i n k  the re  are two 
s i t u a t i o n s .  One i s  t h a t  I .R.FD. i s  a l a rge  p a r t  o f  our gross 
n a t i o n a l  p roduc t .  The o ther  problem t h a t  a r i s e s  i s  tha t  
science has tended t o  w i ths tand  sny i n q u i r y  i n t o  i t s  reason f o r  
ex is tence and i t  has said, " I  am g3od because I ' m  good, and the 
devi 1 w i t h  you." 
DR. ALBERT WILSON: Well ,  I would go deeper than t h a t .  Coes 
our  c u l t u r e  heve the  bas ic  m o t i v a t i o n  t o  go ahead i n  areas o f  
research w i thou t  re ference t o  a $ p l i c a t i o n ?  
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DR. SILVERMAN: We must convince the  management t h a t  the 
research o r g a n i z a t i o n  i s  pay ing  o,f f  i n  terms o f  do! lars-and- 
cents .  This i s  a  ve ry  d i f f i c u l t  t h i n g  t o  do because there  i s  
no way o f  c o s t i n g  the  r e s u l t s  o f  research. How does one s e l l  
managcmect on t h e  concspt o f  the  ve ry  b s s i c  research o rgan izo t ;on?  
DR. ALBERT WILSON: 
been 
There h s / a  f e e l -  
a t  Douglas 
i n g / t h a t  the p r i v a t e  sector  has an o b l i g a t i o n  toward basic  
research  j u s t  as the u n i v e r s i t y  and the government have. An 
important freedom i s  t o  be a b l e  t o  p a r t i c i p a t e  i n  the  d e f i n i t i o n  
have 
o f  the f u t u r e  and p r i v a t e  e n t e r p r i s e  should a l s o / a  r o l e  i n  
d e f i n i t i o n .  Since he ip  
t h i s /  i t  i s  the research problems t h a t  you choose t h a t l d e f i n e  
t h e  fu ture,  you keep a t  l eas t  a small  stake i n  d e f i n i n g  the f u t -  
u re  by i n v e s t i n g  i n  b a s i l  research. 
The Chinese have a  saying t h a t  i f  you are concerned w i t h  
the problems f o r  one year, you p l a n t  r i c e .  I f  you a re  concerned 
d i t h  ten years, you p l a n t  t rees.  I f  you a re  concerned w i t h  a 
century,  you educate your people. We have t o  do a l l  o f  these 
th ings,  and the bas ic  resesrch labora to ry  prov ides balance. I 
t h i n k  t h i s  i s  e p o i n t  o f  view t h a t  a t  l eas t  a  good f r a c t i o n  o f  
t h e  dec is ion  makers i n  our  company have. 
DR. SILVERMAN: To what do you a t t r i b u t e  the f a i l u r e  o f  
these o rgan iza t ions  t o  s u r v i v e ?  
DR. ALBERT WILSON: 
whether 
I t h i n k  i t  goes back t o  a  c u l t u r a l  v a l u e / t o  support research 
the  
even when/cornpany faces c r i t i c a l  f i n a n c i a l  problems. 
DR. OSTERYOUNG: You should not  set up a  bas ic  research 
o r g a n i z a t i o n  i f  you r e a l l y  expect t o  d iscover  scneth ing because 
you cannot p r e d i c t  whether you w i l l .  
There are a  number o f  o ther  reasons used t o  j u s t i f y  a  
research labora to ry .  One i s  you cou ld  h i r e  some very good 
people and c a l l  upon them t o  he lp  w i t h  some very o r a c t i c a l  
problems. B y  c a r r y i n g  out  work i n  c e r t a i n  areas yo2 might have 
an a b i l i t y  t o  couple th ings  i n t o  those which the company cou ld  
u t i l i z e .  You cou ld  attempt t o  move peoole i n t o  the opera t ing  
d i v i s i o n ,  f o r  instance,  as techn ica l  mana5ement. I t  helps i n  
doing busincss w i t h  the government, r e a l l y ,  hc:causo o f  the 
R.&D. funding 
O R .  SALZER: The b iggest  danger t o  s u r v i v a l  o f  a  labnratory  
i s  not tha t  i t  i s  unable t o  mect i t s  o b j e c t i v e s  Usual ly  :he 
reason tha t  research labora to r ies  are e l im ina ted  i s  tha t  ti.? 
o b j e c t i v e  changed w i thou t  t e l l i n g  the research o r g a n i z a t i o n  
t h a t  i t  d i d .  
I n  a  c m e r c i a l  o r g a n i z a t i o n  where there i s  no govern-)en: 
support a t  a l l  u s u a l l y  the o b j e c t i v e  i s  t o  c rea te  new money- 
niaking capcbi I i t i e s .  
DR. O'DOIINELL: I f  a  company hooes t o  l i v e  o f f  i t s  lab- 
o r a t o r y ,  i s n ' t  i t  doomed t o  d i s a ~ p o i n t m e n t ?  
DR. SCHNEIDERMAM: I  cannot answer tha t  quest ion s p e c i f i c a l -  
l y  bu t  a  few th ings  s tand i n  my mind There i s  the a p p l i c e t i o n  
o f  a n a l y t i c  c rack ing  methodologies o f  the pet ro leum i n d u s t r y  
This  came out  o f  the  research labora to ry  knother example i s  
the  polymer o f  Carothers which r e s u l t e d  i n  the c l o t h  t h a t  you 
wear on your back. There i s  a  d e f i n i t i v e  r e l a t i o n s h i p  between 
t h e  companies t h a t  d i d  t h a t  k i n d  o f  work and the f i n a l  p r o f i t  
s t r u c t u r e .  I d o n ' t  remember the ant i -knock compound l i k e  
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t e t r a e t h y l ,  b u t  I t h i n k  i t  s t a r t e d  o f f  as h i g h l y  t h e o r e t i c a l  
research, l a r g e l y  i n  the u n i v e r s i t i e s .  Since then the research 
has p icked  up i n  a  l o t  o f  companies. 
The e s s e n t i a l  t r u t h  t h a t  emerges from t h i s  study i s  t h a t  the  
msrlegeqent o f  s c i e n t i s t s  i s  i n  no way d i f f e r e n t  from t h e  manage- 
ment o f  o ther  men. The f i rnct ions o f  the manager a re  the same: 
the re levan t  p r i n c i p l e s  are the same. Since managing i s  s t i l l  
about e i g h t y  percent a r t ,  i t  i s  the s k i 1 1  w i t h  which t h i s  a r t  i s  
s p p l i e d  t h a t  denotes the successfu l  l abora to ry  manager. 
I t  i s  the v a r i e t y  o f  the  a r t  t h s t  leads the u n i n i t i a t e d  t o  
b e l i e v e  t h a t  mansging s c i e n t i s t s  i s  somehow d i f f e r e n t .  The a r t  
o f  d i r e c r i o n  i s  a p p l i e d  d i f f e r e n t l y  as the needs o f  men d i f f e r .  
S c i e n t i s t s ,  l i k e  o ther  educated men i n  indus t ry ,  have proninent  
needs f o r  s e l f - a c t u a l i z a t i o n .  Knowing t h i s ,  the manager makes 
c e r t a i n  tha t  the environment he c rea tes  w i t h  respect t o  :he 
i n t e g r a t i o n  o f  phys ica l  and human resources i s  conducive t o  the 
r rax imizat ion o f  t h e  need s a t i s f a c t i o n  o f  h i s  s c i e n t i s t s ,  but  o n l y  
t o  the extent  t h a t  such s a t i s f a c t i o n  c o n t r i b u t e s  maximal ly t c  the  
o b j e c t i v e s  o f  the labora to ry .  
I4anagernent i s  a  f a c i  1 i t a t  i v e  process. I t  cannot d i r e c t l y  
induce p r o d u c t i v i t y  among s c i e n t i s t s  bu t  i t  can and there fo re  
shocld p rov ide  the a n c i l l a r y  c o n d i t i o n s  f o r  p roduc t i ve  work. It 
i s  the manager's j o b  t o  d e f i n e  o b j e c t i v e s  and develop the p lans 
e s s e n t i a l  f ~ r  t h e i r  achievement. These inc lude  not o n l y  work 
p lons but  a l s o  p lans f o r  p l a n t  l o c a t i o n  and equipment, f o r  the  
o rgan iza t ion  s t r u c t u r e  i n c l u d i n g  a u t h o r i t y  r e l a t i o n s h i p s  and 
support f a c i l i t i e s ,  f o r  the s e l e c t i o n  o f  s c i e n t i s t s ,  f o r  the  
choice o f  c m u n i c a t i o n ,  m o t i v a t i o n  and leadership techniques, 
and f o r  the c o n t r o l  system. The e f f e c t i v e  execut ion o f  these 
p lans w i l l  permi t  the  s c i e n t i s t  t o  concentrate upon h i s  research 
and p r o t e c t  h im from extraneous, time-consuming n e g o t i a t i o n s  f o r  
support and from the  untoward i n t e r f e r e n c e  o f  e x t e r n a l  groups. 
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34, Characterize t h e  over-al l  workine envlsonment of your research unit". 
( ~ n c i r c l e  sca le  ra t ing . )  
A. Accomplishment hieh 10 9 8 7 6 5 4 3 2 1 1cw 
B. Indifference high 10 9 8 7 6 5 4 3 2 1 low 
C. F rus t ra t ion  hfgh 10 9 8 7 6 5 4 3 2 1 low 
35. Indicate the  importance you a t tach  t o  t h e  f o l l o w i ~  i t e n s  a s  long-run 
rewards f o r  research accoz? l i shent .  (Encircle sca le  r a t i r . ~ . )  
extremely important not i n p o r t a t  
Financial  reward------------------------ 1 0 ~ 8 T 6 5 4 3 2 1 0  
Recognition of accomp1isbaent.----------lo 9 8 7 6 5 4 3 2 1 0  
Self-iq~rovement------------------------I 9 8 7 6 5 1; 3 2 1 0  
Promotion within the  organizetion-------lo 9 8 7 6 5 4 3 2 1 0  
Reputation outside tiic orew.',zotion-----lo 9 8 7 6 5 4 3 2 1 c" 
Sense of self-ochieveamt--------------- 1 0 9 8 7 6 5 4 3 2 1 C  
Higher s t a t u s  as a researc!ier----------- 1 0 9 8 7 6 5 4 3 2 1 0  
Professional development---------------- 1 0 9 8 7 6 5 4 3 2 1 0  
Other (specify)------------------------- 1 0 9 8 7 6 5 4  3 2 1 0  
36. 'What fs t h e  decree of cer tc in ty  between superior  reseerch performance and 
reward i n  the organization f o r  which you work? (Encircle sca le  ratit*. ) 
very high average low 
1 0 9 8 7 6 5 4 3 2 1  
37. A. In  eenaral  terms, why a r e  you presently working f o r  (naw of f irm)? 
B. Have yell worked f o r  other  firms? 
I f  Yes: 
What f a c t o r s  l e d  you t o  change f irms? 
38. A. Are you motivated by research projects  t h a t  seek: 
Bi t s  of new information o r  knovlcd~e  
or :  
( 1  
To develop over-all-generalized hypotheses ( ) 
B. Do you general ly wo:-k on research pro jec t s  t h a t  a re  sce!rine: 
B i t s  of new informntion o r  knowledge 
or: 
( )  
To develop over-all-generalized hypotheses ( ) 
39. Do you f e e l  t h a t  the  firm provides you with ample opportunity t o  pursue 
your professional development7 
Yes ( No ( 
A. I f  Yes: 
I n  what way? 
B. I f  No: 
Why not? 
40. A. HOW do you view your salary? ( a c i r c l e  sca le  r a t i q . )  
highly adequet? average low 
1 0 9 8 7 6 5 4 3 2 1  
B. How do you think your colleagues view t h e i r  s a l a r i e s ?  ( ~ l c i r c l e  sca le  
ra t ing .  ) 
41. A. Where do you do your =ost prsductive w r k ?  
B. When do you do your lrost productive work? 
C. What type of work a r e  you dsi.ng i n  A ar,d B above? 
42. B c l u d i n a  research projects  of nations1 securi ty,  doe; your f irm encourqe  
you t o  cowdnicate new ideas and 1rZ~rzz t ion :  
(CHECK APPROPRULTZ AI;sI,~~~ ' PO Q ~ T S I O : ~ ~  A, 9, C, and 3) 
- 
C. A t  the  conclusion of rcsewch 
-- - - - - - - -. - - - - - ---- 
D. After patents  an3 l e p l  
coverage is assured 
- .A-. 
To your i m e d i a t s  
supervisor 
To your research 
colleagues 
3. Within your firm 
4. Outside your f irm 
Comment 
43. I n  c a r r y i w  out a given research project, do you t a l k  with other  research 
s c i e n t i o t s  who a r e  working (or  have worked) on similar  problems? 
A. A1~aj.s ( ) , D. Seldom ( ) 
B. Usually ( ) E. Never ( ) 
Coment 
44. A. Approximately how many hours per week do you spend consultin& with 
your imuediate superior? 
hrs. f ornally infornzlly hrs .  
B, P.pproxirnately hw; many tours per week do you spend consulting u i t h  
research c o l l e a y e s ?  
fo-mally hrs. informally h r s  . 
45. k'hich do you prefer? 
( ) c o n s u l t i w  with resemchers outsi3e the  f i m  ( ) consulting with researchers r i t t f n  the firm 
( ) no prcfcrence 
( ) other 
B Co;rment 
46. Uith respect  t o  your re la t ionsh ip  with your i m e d i z t e  supervisor: 
(CHEM APPROPRIATE ANS!,FB TO (i'JESI'I3JS A, B and C! 
) 47. To what. degree does your immediate supervisor provide leadershtp f o r  
your research work? 
A. BY you hove i n  project  sc1e:tion 
48. I s  there a 'lroLlcm c r  d i f f i c u l t y  of a non-technical nature which you f e e l  
l i m i t s  your c r l~ i l i ty  Do achieve your research object ives? 
B. XI you h w c  1x1 d e v c l o p x i t  
of research design, - - 
mcthodolo,y ar.3 techni,lue 
C. Co you h w e  i n  p r o j r c t  
i 
I 
reportine: I L 4. 
1. Complcte frezdon 
2. High degree of 
frecdoa 
3. Very l i t t l e  freedom 
49. Characterize the senera1 environment for  research progress appraisal  i n  
your rescexcli un i t .  (%circle the  sca le  rat ing.)  
\L _- 
comglete superior  53- 50 complete s e l f -  
appra i ss l  apprai szsl 
1 0 9 8 7 6 5 4 3 2 1  
5C. What the s ign i f ican t  c r i t e r i a  %:iiich use i n  e-?%hat:n& the  progress 
of your own research? 
51. Whct ere the s ign i f ican t  c r i t e r i a  used by your surerior(s)  i n  n p p r a i s i * ~  
your research pro;rcss7 
52. I n  thc evenL t h s t  it i s  necc.ssary t o  make chan&cs i n  the  r e s e u c h  plan: 
A. &o 3akcs the decisions to:  
1. C h a l ~ c  emphasis o r  d i rec t ion  of research e f f o r t s ?  
2. 3xter.d research p-ojects? 
3. Terminate research pro jec t s?  
a. %at j s  yolir par t  with respect  to: 
3. A chcnee is. eaphasia o r  d i rec t ion  of  research e f f o r t s ?  
2. Extension of research projects? 
3. Termination of research projects? 
Coment. 
53. What i s  the per iod ic i ty  (days, wcrks, months) of yolrr self-appraisal  of 
research pro~i-ezs? 
Of your superiors' appraisal  of your rese3sch progress? 
51,. A. Do you fecl that thc nature of the progress appraisal function can 
affect over-all research accomplishment? 
b Y e s o  N o 0  
B. If Yes: Indicate below what a more idcal environment might be. 
superior self 
1. Who appraises: 1 0 9 8 7 6 5 J i 3 2 1  
2. Periodicity (days, wccks, months): superior:- self :- 
3. Criteria used: by superio; (list) by self (list) 
- 
- 
- 
55. A. Brve time-event or milcstone control systeas such as P2 been applied 
to research jxojects in yo;? organization? 
Yes() N o ( )  bn'tk.;tw() 
B. If Yes: \%%at influence havc these systems had in the plmin:: and 
controlliq ~f rcsewch proJects? 
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